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REPORT OF THE AMERICAN COMMISSIONERS OF
THE INBERNATIONAL COMMISSION ON THE
TEACHING OF MATHEMATICS. : R

. * INTRODUOCTION.

¢ L

At the Fourth International Congress of Mathematicians, held at
Rame in April, 1908, an International Commission on the 'l‘éuz-hing
of Mathematics was created.  Representatives of the various leading
countries were selected to carry on an investigation of the teaching of
the subject throughout the world and to prepare reports before the

* meeting of the congress of 1912. o

The American cammissioners held their first meeting in New York
City on March 26 and 27, 19092 Jt was resolved to form an advisory
council to ahich might be referred important general questions and
with the fembers of which the commissioners might consult col-
leetively or ingividually as occasion might arise, and to ‘invite the
following gentlpmen to membership: The United States Commis-
SIODeT. :m(y(*x—(‘om:%sinnor of Education, the presidents of Harvard,
,Columbiy, and Chicago Universities, and the presidents and ex-presi-
dents of the American Mathematical Society and of the American
Federation of Tegchers of the Mathematical and the Natural Sciences.
All of these gentlemen consented to serve, and to their earnest cooper-
atign is due in large measuge the success of the work. A list. of the
members of the advisory council (3 appended to this report.

. Viarious committees and subcohmittees were invited to consider
and report upon special fields, in the spirit of the plan of the central
commitfe. A list of the members of these committees, together with
the plan of official publication of  their reports, is given in the
Appendix. ) T . "

In a communication to the various committees at the time of the
organization of the work the _Ameri¢an commissioners said :

\

The preparation of the reports (‘}1118 for a comprebensive survey of our edu:'n-
tigng] system 1n general and of the work In mathematics In detall: for a sketch
of the unpnrull&ed activities of recent desades in the development of existent
~ Institutions and in the genesis of new ones: for an account of thes moditications
fn the work In mathematics that Lave already been made and of fhe reforma \
that are sgll under consideration. It affurds us am opportunily to take an *
inventory of present cun}lltions afd to weigh the proposals that have been

13
lmade for the future. vThe snlrlf of the work shoyld therefore be judicial, not

legislative. . \ 5 L & . ¢
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6 BREPORT ON THE TEACHING OF MATHEMATICS, . ) l

« Since the reports are destined’ for the eduyationa! public of _mnnS’ nutions,
it will be expedient to give a.coneise n:(-('mlm of the salent features of o
sebools nnd the conditlons under which we work, ®ueh as nre usually ti
agshined iR our own discussions,  Work in mathenutie’s must be egnrdgfl aind
Interpreted In the Hght of Its enviromment, and our reports should urnish
the renders of other natlons with information respecting our cofficationnl
gystem and condittons aunlogous to that which-we shail expect fry [ thew.

Amerien s unlgque fn the liberty left to fndividual Initiative M maiters of
education, und {u the absence of authoritative central leglstatlopZand supervision,
It Is desirable, therefore, that the reports describe clearly tWé pf‘:u-tirul working
of thir freedom and its effect, good and bad. upon our gress i general and
Jo matbematienl education,

We. Hkewixe stand nlone In the complete .Rup:nrutifm of church and state
throughout our entire history, und. an account of the effect. of thix on the wark
of education will be of interest to those nations that bave fad®d or are facing

2 serlous probiems™Mu contection with religious iustruetion.

We nre nlso unigue in the brevity of our educational history, awd in the

conselousness of Hving in He formative epoch, a conxciousness that permentes
all our activitiex. While it Is not the gim of the commisslon to study eduen-
tlonal history or to tabulate statistles, it may be necessary. under \nwlhnu\
conditions, to do some,work of thi$ nature in order to understangd the present
and to forecnst the future.
*  Although'the great central probiems are fully stated in the preliminary report,
we huve others that are peculinr to ourselves, such as the edfication of the
vegro and the trainlng and Amerfeanizing of the Ilarge nuunb(‘r of uneducated
immigrantg eonstantly pouring In upon us,

In all of these respecdy the varlous reports should pay Nulluhk attentlon to
the international character of the Wwiike

% The topies considered by the various committees were ax folloys:
{Committes I. General elementary schools.
Committee I1. Specinl elerg@gtary schools.
Committee I11. Public general secondary schools.
Committee I'V. Private general secondary sehools.
Committee V. The training of elemgntary and fecondary ,toudwrs
Committee VI. Technical secondary schools.

Committee VII. Examinations. : .
Committee VIIL Influences tending to improve the work of the
' - teacher.

' Commlttee IX. Technological schools of-collegiate gmdc -
' Comymiitee X. Un¥ergraduate work in colleges of liberal arts. -
‘Committee XI. West Point and Annapolis. '
Committee XII. Graduate work in universities and institutim_ls ’
of like grade.
The names of the members of these committee$ are appended to tlm
report. .. Their several reports have been published by the Bureau of -

» EHueation, have been transmitted, to all foreign commissioners and
to all bureaus of education in the various States of our country and -
“the various countries abroad, and have been dxstrlbuted freelv to
t.hou ‘who have app,hed for them,
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THE REPORT OF THE AMERICAN COMMISSIONERS. .

v

NATURE OF THE REPORT. o O

] .
i In the foHowing gonvml report the aim is to ])uwut aconeise
: view of the nrganl/llmn. methods, aid groblems of the teaching of
mathematics in” the United States, touching parficularly upon the
larger questions that seem to merit especial emphasis, and referAng
to the special reports for details with respect fo the various types of
o schools.  The report considers the following general topies: 1. Gen-

eral  American  Conditions:” IT. Mathemattes in the Elementary

School 5 TT1, Matl\om:ltiw in the Secondary School; IV. Mathematies

in the TTigher Tusbitutions of Learning. »

I. GENERAL AMERICAN CONDITIONS.

" THE (L\ILRS OF EDUCATION AL AUPHORITY 1IN THE VNITED STATES.

’ In tho Uinited States of North ‘An
of Avhich is self-governing. except p those items .spvcmll.\ entrusted
to the central Government by the ‘onstitution. - Among these items
the *formation and .ndnnmstl‘dtxon of an educational system is not,
found. Consequently there exists no national authority in educa-.
tional matters i the United States, the largest unit of uuthorxty,bemg '
tho Stiate. That there are not 48 widely different educationad sys-
tems in the country, that a large measure of umfonmty does exigt in

" the eduentional wotk of the whole country, that it is possible to
_speak of assingle educational” systemn found (with local variafions)’

+ throughout. the whole countey, 35 due simply te the lmmogenextv of
thonght andlifg,of the country and not to any constitutional require-

. ment. The lﬁ variations are, of course, important, but this report

v can not concern itself with them; here only a composite picture is

' pmsxl)lo and it must be nnderstood that only the general situation is

set forth.

H . ¢ . » -

" FINANCIAL S8UPPORT OF AMERICAN EDUCATIONAL INSTITUTIONS.

rica there are 48 Stule\. each*

»

B

) . + o
) Throughont the whole country educational institutions from the
lowest fo the highest are supported either by public funds raised by
direct taxation by a State or one of its subdivisions (say a county 4
or clty), or by private funds. Thé private institutions are some:
;k/ times supported by phxlanthropxc endowments supplemented by
: e o 1
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- . -
tuition fees, and sometitmes are commercinl ventures in which the
tuition fees received are expected to pay the entire cost of main-
tenance of the institution and wuitable returns on the eapital in-
vested.  Girants from public funils to private institutions are_rarely
made, and gifts from®philinthropic individuals are made less fre’
quently to public than to private in titutions. -

In the public institutions tuition is nsually free to all residents of
suitable age of the community supporting the school,” and text-
books are often furnished free toall pupils.

<

N SURERVISION 1Y CTHE STATE.S

The State snpervises, at most, the institutions sypported by publie
funds! . As no legal rights of privileges are conferred by gradua-
tion from schools of any of the types to be considered in what
follows? State approval wofld give no additional wilue to: the
diploma of u private institution, and such institntions have no in-
centive voluntarily to submit themselves to State inspection or con-
trol. "Those who seek graduation from an educational institution
in the United Stilges do <o for one or more reasops of the following
nature: On account of thednherent value of the education obtained :
to conform to custom: on acconnd of the =sociul and moral conse-
quence given by such graduation; because -the diploma is required
for admission to apother educational institution:. for appointment
as teacher or the like. \

[

. TYPFS OF SCIIOOLS, 3 e

Normally the pupil passes in order through the fol]owin:g' tyiws of
schools: Entrance age. 3. & H--Kindergarteny 6, 7, 809,10, 11, 12,
13—Elementary school; 14, 15, 16, 17—Secondary scheol; 18, 19, 20,
21—College or institution of collegiate Tank ; 22, 23, 24—University
or institution of university rank. O

The elementary schools—The kindergartens are often private in-
stitutions. Their work is not prerequisite to‘ltran(‘.e into an ele-
mentary school, and the school career of almost all children begins

A full account of the system of State Inspection ls ulv& In the report of Committee
VIIIL .

* [n mome of the Statef tegal rights nre conferred by graduation gbm certaln types of
professional rchools, as those of law, mcdlclm-,» dentlatry, pharmacy. cte., but & no
mathematics J&° taught in thewne lnstitutions they fall without the scope of the present
report. O urse these twstitutions require s{ydents entering them to bave reached a
certain standard of general educatlon varying widely with different tnstitutions aud con-
veniently certified by a-diploma, and clther legal coactment or gencral cust'o,p often
requires gradumtjon Yrom a school of certain type for appolntment as teacher, but private
schools have hithertp had no difficulty in scedring neceptance of th diplomas 1n 1-
ment of thesg' requirements on terms of equality with thole of State-inspecfed
kchoolsa; so that these requirements do not cxert any ‘hressurc upon private, schools to
reek State Inspection. (In case such Inspection were requeated, it might be refused on the
ground of expense.) = :




- -

. [. GENERAL AMERICAN CONDITIQNS.
~ :
witlt the” elementary * school. The clementary schoels are almost
entirely public, and here nearly all the children of any given vicinity,
rich or poor, are taught side by sideg on ferms of equality for a period
“of eight years. In the Northern States vegro children constitute
only a‘small percentage of the total and ave usually x.m;_rhl wifh the
white children; in:the Southern States they constitute a large per-
centage of the total, sometimes even more than half, and are taught %

J separately. The school cureer of the (m.}t majority of the clul(lron '

4 vnds with the complotmn of the elementary school or ~ooucr.

S(’quem e of schools. e—(wnorally spwlung the u)mplolum of the

LW ork of an elementary school is required for admission to a secondar ;

* o « School;similarly, completion of the work of a sccondary school ix
« requnslte for adinission tqan m\t;tmum of colleginte ragl, and finglly
the diploma of a collegitic institution ix the bisis of formal ndu&s-
sion to university work,  But there is no required sequinee of $ypex of
. institutions or of curricula. There i~ practically but one type of the

. elementary school, which is the common basis for all snbsequcnt
work. In the otlw‘l institutions there are various types and currie-

0 nlu, but generally speakeng it is possible to pass (with more or less
. supplementary worl\) from any type of secondary school Yo any
colleginte institution nnﬁ thence to any university, or to (-h.mt'("
from one type of institution or curricnlun 'to another while p.lssmw
‘through it. It must be noted that different 1n.~f‘1tulmn,s of the vari-
ous cultural types (classical, modern langnages, scientific) practi-
cally never exist, but the uniformly prevailing practice 1s to carry
through in the same institution curriculn of such of these tvpes for

o o which there is a sufficient demand.” So far as these curricula cover

,common ground, the instruction is common, and if a pupil finds, asy
hlq mind and personality develop or ‘as his aims in ‘life become more

. -definite, that another curriculum than the one which he has bogun .

would fit -hes needs better, he cin chnnge from oye to the other by
making up such work of the new curFiculum,as he his fiot had. He
may do this either by attendancr upon class instruction or by satis-
factory ‘private instriction with examination. When ‘made in a

- erious spirit such transfers.are encouraged and facilitated by. the
. school authorities. Additional-time is usually required to complete

* the course,, but, in Prvorable cases the prm]egvs of election may per-
mit the change to be madewithout loss of time. -~ ,

" . Separate institutions ef technological, comntercial; manu ltm(t -
ing, and agricultural types eyist, but such work-is also o‘ﬂ/u carrie |
on in general institutions.- When this is the case students taking =~
one typa of curriculutn are not sharply differentiated from those tak:

‘ing anotl?r, and students taking different curricula will hzwe ‘more -

v
1 l"or o detailed Account of the’ ornmutkm *of educational inumutlonl in the L'nlted,
sute., see the nport of commlttu L
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- their separate traditlons, nims. and esprit de corps—does not exist gt -
. allin the United States. and the separation of the vocational institu-

matics, from the lowest to the highest, is that of the adequate prep-

.number of Mmmigrants has risen from 150.000.in 1860 to over a

- representing over a million square miles of territory, resulting in a

would be serious enough with a population that Was. static as to

., multiplied by three, when children have been continually changing 3

10 REPORT ON THE TEACHING OF MATHEMATICS. _ 1

or less instruction in commoni. One of the most prominent common ‘
subjects is mathematics. It is 2 matter of constant oceurrenge that :

.the same class in mathematics will contain classical, literary, and

scientific students, to whom mathematics is primarily a culture sub--
ject, side by side with enginecring and other students, to whom
mathiematics is primarily n vocational tool. All these different. types —
of students interact on each other within the classroom, and in their
dssocintion outside the classroom all meel on ‘common, ground.  In J
afteg life the slight distinetion of differing curriculn is soon effaced,

and only the bond of a common education in the same institution”

remains. The teachers of the common subjects ( for example, nyathe- \
patics) feel themselves the teachers equally of all types of students ir
that. come under their instruction. The isolatioh of teachers and .
pupil€ in separute institutions—eclassical, literary, or scientific, with - )

tions from the‘cu]turz 1 exists only to a limit“vd extent.

PREPARATION OF TEACHERS.. . 5
*
One of the gravest problems of American ufstruction in mathe- g

aration of the teachers. This is, of course, more or less of a problem
everywhére, but the peculiar_difficulty of American conditions will
appear from certain statistics. | ‘
During the past half century, say from 1860 to_1910, a period in
which free public education has become general, together with the
compulsory feature, our population has substantially trebled, in-
creasing from 31 millions to 92 millions. At present nearly 18
million pupils (almost 20 per cent of our population) are enrolled
in our elqu:tnry schools. In the same half century the annual

million in 1910, and new States havé been admitted to the Union

vast amount of moving about the country. In the 20 years from !
1890 to 1010 our exports rose from 858 millions of dollurs a year S
to 1,735 miillions, and our imports from 789 millions to 1,5%8 mil- 1
lions, and onr manufaclures of iron and steel, for example, rose of
from 122 millions to 179 millions. - .
*The bearing of all this upon our school problemsid™Very evident.
Suddenly, within less than two generatfons, a nation has been con-
fronted with the demand for universal education. This demand -

~

numbers or static as to residence; but when the population has been o

s e R P § I"‘
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from place to place, when the school has had to teach not only
mathematics but also conversational English to the children of a
million immigrants a year, when the country has had not only to
maintain its dchoolhouses on ghe original territory but to provide
for n million square nes besides, aind when the increase in trade,
in manufacture, and in wealth in gencral has been.such as to draw
its most active men into business. the solution of the educational
problem has not been a siinple one.  Teachers have hiad to be sup-
plied for tliese elementary schools. If has not been a time for
standing on technicalities of training, nor even for demanffing a
high degree of culture: it has rather been a period for immediate
action. for aveiding at all hazards. the perils of illiteracy. and for
maintaining the public school at whatever grade of efficiency was
attainable. even though not in general satisfactory. Since the best
type of men could not be secured in any considerable number. owing
to the financial opportunities offered by a new country, since teach-
ing.was one of the few financial openings for women. and since in- T
the earlier school years the work of the woman is_more satisfactory
than that of the man, thfere has come @bout. a state of affairs not to .
be fonnd in any of the older countries. To-day four-tifths of the
teachers in our elementary schools are women,' and only a rolnlivol_v\
small fmmber remain’in the profession more than a few -vears. The
problem of training such an ariny of women teachers, most of whom
remain in the schdols but a relatively short time, has been aad is one

of great difficulty, pad its influience upmy American edueation in
general and upon eCmontary mathematics in particular is serious:”

THE TRADITIONS OF OUR RCHOOLS,

The elementary schools of the United States inherited the mathe-
matics of the English schools of similar grade. In our ‘colonial
period this consisted solely of srithmetic, with such mensuration as
naturally entered into this subject. The arithmetic was genernlly
=intended to be utilitarign, -although it still retained a little of the .
ancient theory, such as gnbe root, progressions, and the Enclidean
method of finding the greatest common divisog.. It early became
the custom.Q study arithmetic in the first four school *years from
a primary textbook, in the next three or four years from a higher
otle, and often during the next two or three years from oné of
still mygre difficult: grade. The idea that arithmetic has a high
culture value was generally accepted; and even if the problems were.
not very practical, they were felt to b valuable. )

Given the conditions under which our schools were expanding, it
@d have been difficult to break away from any established tradi-
1T 1007-8 there wore 301089 women out of & totah.af 498,012 teachers In the ale- .
'n.nmry-ch?pl-'- g R . . o > : ‘; &

=& g g v, o
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tions,. whether good or had. The man lmttling with a flood must
struggle for his life; he can not be carrying out reforms. Hence it
came about that while courses of study were changing in the older
countries and a high grade of s('lx)larsh{lp was entering into the
elementary schools and children were remaining in a single school
long enough to allow a reforh to be tried out, or were in a country
where centrakzed authorxy could plan such reform for all schools
of gimilar charncter, in the United States the great prob]em was to

- keep even what we had inherited. The diffic alty of securing well-
trained teachers earl\ led to the development of an unusually gowd
type of textbook—one that might compensate for the lack of skill
on the part of the teacher. and this result. fortunate though it was,
tendeq still more td keep the traditional course intact. .\s a result
the general pature of the American curticulum in elementary and
secondary mathematics has changed less in a ¢entury than that of
several of the older tountries,

SUGGESTIONS FOR CHANCGF.

In a new country, with few oveérpowering tradftions, the number
of suggestions for change is hound to be very great. and usuylly
to be correspondingly ill-considered. Such has been and is the
case’ with ys. It is probably well within the facts to -assert that
more experiments in the teaching of elementary mathematics have

~  been given a Rmited trial in the United States, nnd fewer of these

for sound reasons. or in an adequate manner, than in any other

prominent country in the world. Conditions already mentioned

have brought this about—the independente of States, of cities. and

of villages, the lack of any large body of scientifically trained

teachers, the lack of-scholarly supervision, the fact that the sexes

. are so unevenly-distributed in the teaching force—all these have

. encouraged superficial - experiments but have not generally made
for thorough scholumhlp and persistent investigation.

While the difficulties in the \\M some haphnzard trial of new

¢ ideas in single institutions or localities are at a minimum in the
United States, this very freedom makgg the general introduction of
any desirable improvement in the United States exceptionally diffi-
cult. General change can be brought about only by the independent
action of hundreds or thousands of governing bodles, and the failures
of even a few ill- considéred and local experiments, of which the
most erratic often gain most notoriety, tend to make those govern-
"ing bodies ‘thesitate to authorize any' experiments whatever, nn
matter how well-considered ahd prOmlsmg

Taken as a whole the country is very conservative in the matter
. of change. It may appear to be teeming with axperiments, but one
| 2 school stnvmg to' pxoneer & new angd suppomdly better road attracts

ey X ’?, . < T e 4
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caced

.




O

ERIC

Aruitoxt provided by Eic:

GENERAL AMERICAN CONDITIONS, 13

1 ‘

more attention than a thousand quietly following the beaten path.
To introduce a change generally throughout the country requires
not only that the same queition be argued out in a thousand inde-
pendent forums, but also that in each the spirit of conservatism he
overcome. . -

In the elementary schools experiments have been decidedly more
numerous and more varied than in the secondary schools. There
are obvious reasons for this. The elementary school takes its pupils
without preparation; the overwhelming majority of them receive
no education beyond the elementary school: and the next following
type of school, the secondary school, exercises little influcnce on the
work of the o]cmcnt.lr\ school.

The secondary school, on.the other hand, nm:t receive its pupils
at the stage at which tho elementary schoob turns tliem out. and
the next following type of institution, the colléze, exerts n determin-
ing influence on the curriculum and work of the segandary school.?

Since the equipment with which pupils are received and that
which they must liave on leaving are fixed by conditions practically

bevond the control of any single secondiry school, very definite”

limits are placed upon the possible range of experiments and the ”

character of changes. -

Further. experiment or change means disturbance, temporarily
increased difliculty for teachers in thenr work of instruction. per-
haps more or less diSsatisfaction with the innovation on the part
of the pupils and their parents. with the attendant possibility of
loss of pupils: and private schools at least, which technically are
the most independent of all, would look askince at a plan involving
such a pussibility. -

Still further, the grent mnjontv of secondary schoals, nctlm:
singlyv. justly feel that their work is, prlmnnly. teaching according
to the existing standards, and not the initintion of educational re-

forms; that their governing hodies and their tenching staff lack the.

time and ability, the training and the brendth of view, necessary-to
deal adequately with the general questions involved.

Consequently, educational experiments in the secondary field nare
by no means as frequent or’as effective as the complete freedom to
undeértake them nnght lead one to expect. a

Evep-nmong the States that have a strong central administration
none thas, as a matter of fact, ventured to put intoforce an educa-
tiopsl program varying materially, from those current in its sister
States. . ' ‘ )

So that a country which in commercsis so alert and progressive,
whgso men of business are constantly replacing the “ good enough ”

180 the report of Committees 1. 11, I}, and IV, * See the report of Committee X. ¥
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by the “ better,” is in qducnt.iaﬂ'al mafters among the most conserva-

8 tive of the world's leading nations, generally moving along lines of

least resistance. frequently clinging te the * good enough™ becauses
the way to the * bettef ™is not authoritatively pointed out.

It is worth while to consider the question whether it would not be
possible’and desirable to make a more systematic study of the prob-
lems relative to the teaching of mathematics in this country than has
hitherto been undertaken, in such wise that the results would com-
‘mand national confidence sufficiently to assure them a certain moral .
authority as standards, '

-

II. MATHEMATICS IN THE ELEMENTARY SCHOOL.

General status.—As stated earlier in_this report. the clementary
school in tl€ United States usually bas a conrse of eight vears beyond
-~ the kindergarten; the latter being an optional course found chiefly
in cities. Kach State hus the power to lengthen or shorten this
course, but in general eight years may be taken as the norm.  Theso
vears are usually desigmated as grades, the first grade -usually. being
entered at the age of 6 vears, the second at the age of 7, and
= soon. Nearly all public elementary schools are coeducationn).  Pro-
vision is often made for the omitting of a gade by n pupil who 15
cupable of proceeding more rapidly than the average. This is done
in various ways, as by half-year promotions, and by having special
classes for the purpose. Some selfools promote their pupils by sub-
jects, instend‘of by grades. None of these questions as to how the
promation is effected, however, has a direct bearing upon the work
‘in mathematiesy ™ .

In greneral the pupil knows something about. the lower nnmbers
when he enters school. The work in the first yenr varies greatly
throughout the country. In some places no arithmetic is téught as
such in the tirst grade, but an attempt is made to introduce it inci-
dentally in connection with other work. In other plices u course in
formal arithmetic is seriously undertaken. In New York State,
for example, the official curriecnlum requires the study of numbers

’ to 100, the memorizing of the 45 combinatibns in addition, and the )
" process of carrying in the adding of nunbers. N y

Jn the same way the work in the other grades varies in different
parts of the country, the details of which are set forth in the report
+ of Committee I. For:the sake of readers who wish a mere summary, o
however, the followirrg outline of the New York State curriculum,
~  .adopted in 1910, will show the general nature of the work in the ele-
mentary schools of the 'United States:

Grade 1. Age 6-T years.. “Number, space to 100 and the addition table. The
© process of cnrryl‘ng‘gn addijion, I .
> a7 :

.
e
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i
Grade II. Age 7-8 years. Subtraction. The multiptication table to 9 X !)
Process of carrying in muitipication by a one-figure multiplier.
Grade I11. Age 8-0 years. MultipHeation table to 12 X 12 Multjpliers 8
more than one figare. Tong division. Mengrures, - v 5
Grade IV.*Age 0-10 years. Common*® fractions, including all _operations.
Mensures, including all of the comnion tables, )
s Grade V. Age l(‘r—ll/yourn. Decimal fractiong,  Denominate numbers,

Grade VI. Age 11-12 years. Review of commoa and dechn] fractions. Per;¢

centage begun, with applications to profit and loss, nmunlmlon and rlmple
Interest.

Grade VIL. Age 12-13 ypurs. Tercentage continued, avith applicationg  to
slmple and compound Interest. Simple banking business. Ratlo aud propor-
tion. Square roots . i

Grade VIIL. Age 13-14 years. Review of mensures. Applications to mens
urenient of commeon gurfaces and sofids.  Rapld endenlation,  Stocks and bonds,
insurance, 1xatlon,  Algebraie notution sntlicient for the use of formulag, A
speclitl chiss In algebra I8 nlso permitted for Grade VI,

Tt is poksible that this course is too difficnlt in the early grades.

In*many American schools the nultipliention table is learned only

to 10 X 5 in Grade 11 the st of it,heing postponed to Grade III.
There has been a-tendency in some sections of the country to elimi-
nate formal nrithmetic in Grade I and even in Geade T1, no number
work beipg performed there except as it arises incidentally in con-
nection with the other work of the children. In the above course,
neither of these views of edueation is recognized. The conrse re-
quires the mu]tlplu ation table in Grade 111 to 12 X 12, which is
more than is demanded generally in this country. The completion
of long division in Grade T is also more than is cémmonly re-
quired in other parts of the country. Nevertheless the course is
considered a strong one, and it represents a reaction agminst a recent
tendency to relieve children from”serions effort in obtaining an
education, '
Methodeseommonly employed —In goneval, in the United States. a

“textbook, is placed in the hunds of the pupil in the third grade.

Textbooks have also been prepared for the sccond grade. These
textbooks usunlly give some explination of the various processes,
and supply n sufficient list of prpblews to give the child 'a mastery
of each. Of Iate tlm‘ton(loncv lns been to give lpss in the way of

“explanation in the textbogk, the increasing officiency of the tenchmg

force permitting this wokg to be left for the instructor. This has
petinitted of more problenis in the textbook, thus bringing them té
resemble -the European collections of exercises to a greater extent
than was formerly the case. In general, the nature of the problems
has chnnged qntxefnctonlv with the chnnge in buqmms customs and
.in the prices of commodities, andwthere is less caise for complaint on
agcount of obsolete material than was the case n few years ago.

The teacher usually explains a new process by means of questions
nnd snswera, and when it seems understood a number of proble‘ms

;
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are given to be worked out for the next recitation. In the lower
grades little or no.home work is assigned, the work being done dur-
ing a study hour in school. In the upper grades home work is fre-
quently assigned. ' : :

- 1MPROVEMENTS IN ARITHMETIC.

Agitation for improrement.—The question ()f/improving the work
in arithmetic has been much agitated during recent years, and this
figitation has led to several good results. In the-first place, the past
quarter of n century has scen a weeding out of most of the obsolete
applications of arithmetic. To-day it must be said for the subject
that a large per cent of the problem material represents modern con-
ditions of life. and is of a sufficiently varied character to meet the
reasonable needs of all classes. There is a general agreement that
the school should not attempt to instruct in the technicalities of
particular trades or voeation, but should give a sufficiently wide

" range of the applications of arithmetic to prepare the pupil to

master these technicalities for himself when he enters upon his life
work. This the school is doing as well as the crowded curriculum
and other conditions will permit.

A second improvement of great importance has resulted from the
consideration of child psychology. Apart from details of_no par-
ticular significance, one feature stands out prominently—that the

subject matter of arithmetic is better arranged than formerly to )

aronse the interest and to meet the immediate needs of a child. A
number of experiments in this line have been tried, and ns n result
we seem to be tending toward a still more satisfactory solution of
the problem of arrangement of material. )

A third point worthy of mention is the growing recogmition of
the fact that no textbook can meet all local conditions with respect
to appropriate material for problems. Teachers are recognizing the
virlue of themselves securing practical problems that represent the
industries of their respective localities, both for the ihterest that
they have for the pupils and for their value in the Jdife of the
community. * -

Attention should also be called to the results of experiment as to
the best methods of seenring efficiency in the ordinary pumber work
that is met in practical life. While a greatedeal of this experiment
has been ill advised and fruitless, a number of good results bave
been secured.! We at least seem to be coming again to recognize that
efficiency in number work can not be secured without thoroughly
learning the necessary number combindtions and without attaining a
mechanical skill that can be secured only through a large amount of
computation—a belief that has not Jeen uniformly held in recent

1 For details sce tho'report of .Committee I,

> - [ W EY oS P )
B

|

e st

[T - DV

et

.‘Ai-j.' - LSl L RBMINE Euv o i s b < AV,




O

ERIC

Aruitoxt provided by Eic:

C e e M NG

'w..»t.' PSR RPS-S TR NN VRPN U SR RN
'

T"',

B e e e e e e e s B RS

MATHEMATICS IN THE ELEMENTARY SCHOOL. ‘17

vears by our leaders in education, The sacrifice of reasonable effi-
clency in computation to the supposed interest. of the pupil is entirely
unhecessary. a . -

Ezperiments.—Among the experiments that have been tried have
been the basing of all number work upon measurement. and usnally
upon the measurement of a body of material so restricted as to_be
uninteresting; the’ extreme spiral arrangement of matter, in which
the important topics, instead of being treated thoroughly once ov
twice, are tonched uponp briefly from time 4o time, on an increasing
spiral of difficulty: making arithmetic purely techuical in a narrow

\field, with the idea that new motive is thereby supplied and with the
_result that the pupil fails to acquire that appreciation of the subject
‘that comes from a wide range of applications: the rearrangement
of material at the whim of some local and temporary authority, with
no real motive save s desire for change; the entire negleet of appli-
cations in the desire yo attain mechanical efficiency ; the neglect of
abstract Work in the idea that motive was to be found only in appli-
cations; the attempt to make apithmeticsa ere incident to other
work, nsing it only as a tool when u need for it arises in manual
training. domestic art, or some other subject; and the attempt to
~accomplish the desired results by teaching arithuetic for only three
or four years. Such experiments have generally been disastrous,
even with the backing of enthusiasm given by their anthors. Indeed,
one of the most serious causes of poor work in arithmetic in the
United States to-day is the feeling on the part of a few city and
State nuthorities that they are expected to initiate their brief term
of office by having a few tenchers prepare a new svllabus in the
various subjeets of the course. Tt is often considered that such a
svllabus is to be commended”the more in so far ax it resembles all
the other svllabi the lesg. a , <

C THE QUESTION OF ALGEBRA AND GEOMETRY.

Gradual introduction—With the abandonment of a-number of
obsolete topics during the past guarter of a century has come the pos-
sibility of reducing thie time devoted to-arithmetic, of supplving
othef topics of the mulern business world, or of tuking advanggge of
this saving of time by introducing a year of algebra and geometry.
As n matter of fact, all three of these results have been partly
attained. The timc given to arithmetic at present is considerablyy
less than it was in the old rural school, in witich reading, writing,
.geography, and arithmetic made up most of the enrriculum. Modern
business problems; have replaced a good many problems of the older
type, such as those involving unused compound numbers, compound
proportion, equation of payments, and progressions.’ Mensuration

©40811°—12—2 : . o
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in arithmetic has become a phase of conciefe geometry, and.the rules
of the subject are no longer bligdly given and blindly. received. The
use of the letter “,” and in general of any helpful literal notation, .=
has found its way into the arithmetic of the last-two years of the /
Sleyglntary school (the child's seventh and wighth school years).
Thus, wishout an¥ sudden revolution, all three of these changes have
been or are being effected solely by the force of general opinion on
the part of the great body of teachers. i
Partial feilures.—Numerous eflorts -have, however, been made to
introduce algebra as such, or some form of geometry as a separate
topic, into the curriculum of the elementary, school. In general such
efforts have not met the expectations of their advocates. Several
reasons may be adduced for this partial failure. Probably the moest
cogent one is the fact that many teachers in the elementary school do ’
not know algebra well enough to appreciate its value, to manipulate i
it skillfully, and to inspire their pupils with respect for its use. In
our better class of schools this is not the case, for these schools eni-
ploy well-trained teachers; but in the average sé¢hool it is not: unusual
to find teachers who either have not studied algebra or have so for-
gotten the subject as to make them incapable of teaching it, éven in
its sigplest phases. In time this state of affairs will be remedied,
unless the pernicious attack of some of our authorities upon all serious
mathematics in the high school shall result in the lowering of intel-
lectual standards to such an extent ax to,disqualify all teachers for
— ’
-any thoughtful work in arithmetic.
A second reason for the partial failure of algebra may be found
in the fuct that our curricula have seldom been planned in such way
as to give the subject much chance of success, In most cases where
algebra has Ueen introduced in the grades, it has been merely as a
condensation of the formal algebra of the high scliool, meaningless
in its content and tainted with the danger that it would lessen the
pupil’s interest in the subject when he reached the high school. Akin
to thig reason was the further one that the appled problemns were
not chosen with the same good judgment that appeared in the prepa-
ration of the better class of arithmetics.
It is the opinion of many teachers, however, that algebm is certain
to find some place in the elementary schgol, at least in the form of
literal arithmetic., There are two strong reasons for this opinion.
In the first place, the lingar equation in one unknown quantity throws
light upon many problems in arithmetic, and the failure to use it for |
‘this purpose is an evidenice that older and more difficult faethods of
golution apg.preferred to modern and simple wnes. All inverse caseq
in percentage are simplified materially by the use of the letter “

to represent the quantity sougbt,\and it seems to be only the 1gnor-
A ‘) . s

¢

1

Stk Snns o g R

£ A

R A

S ]

O

ERIC

Aruitoxt provided by Eic:



O

ERIC

Aruitoxt provided by Eic:

H
N

RS : 5

MATHEMATICS IN THE_ELEMENTARY SCHOOL, °* 19

ance of certain teachers that has deprived others of the opportunity

“of using this device.

Agebra in the cighth gyade. —There is a second powerful reason
for. introducing literal arithmetic in the cighth,grade, if not earlier.
This is the growivg use of the” formula in artisans’ journals and hand-
books. This has rendered o knowledge of simple formulas essential
if one would read understandingly such publications as these, and
has made this knowledge of practical value if these formulas were to
he used and were to lead to the dev olopmnnt of others,

We therefore have two strong practigal ‘reasons for some algebra
in the elementary graded: (1) Its use in arithmetical froblems, and
(2) its value in the interpretation of industrial formulas. ,Added
to this are the pleasure and the training in exact expression that come
from the study itself when intelligently presented, even with prob-
lems that have no direct bearing upon other interests, s pleasure that
otherwise would never be experienced by the considerable number of
those who do not enter the high school.

Introduction of geometry—\V ith respect to geometry the same-

thing is true.  Efforts to introduce it as a separate topic in the eighth
grndt have not generally been successfu). -As mensuratiow in arith-
metic it has constantly improved. but as an mdependent subject,
whether called “observntlonul Y *intuitive,” * constructive,” of “ com-
crete *‘geometry, it has not-sncceeded in the American schools as well
as it shoulkl,  There seems no doubt that this is largely due to the
fact that so mum teachers have either not xtudied geometry or have

- been assured by some -unhorltv in which they had gonfidence that

it ha~ no place in the curriculum.  If it should become. as some

would make it ecither a mere clective subject in the high school or -

an ill-arranged set of rules of mensuration, our future teacters will
be even less able to give it any status in the grades. It should be
sald, however, that.in certain of our secondary schools where the
work covers more than four vears distinctly valuable results ara
being cbtained in geomelry, even in the earliest classes. In these
cases the work is undertaken in somewhat the sanfe manner as in
the best European schdols.

There seems to be no reasonable donbt that there ml] in due tlme,
appear somte more systematic work in geometry for the elementary

" school than any that has yet been developed: It seems fairly @@tain

that this will not be extreme in its industrial tendency, in its men-

suration work, in its appesl to intuition, in its logical formalism, or _

in’its upphcatlon to design. Where such work has succecded, it has
combined these features, and if we are to have a course develo&ed
that will be a substitute for the very satisfactory work that we

“have in mensurgtion, and that Wl compel the respect ‘of our great

body of earnest. tewhexs, it mll proba.bly be of this geneml nature.
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Objections to mathematics—It has been intimated that certain of
our educators hold an unfavorable” opinion of mathematics in the
high schools. Such is unfortunately the case. Whether it arises
from the fact that they were unfortunate in the instruction which
they received ns students, or ecause of their blinding interests in
some line of work which they are exploiting, or from some other
cause, it 15 difficult to say. It is certain, however, that they exert an
unfortunate influence upon the maingenanee_of intellectual ideals,
and tend by their doctrines’to unfit teachers in the grades for the
thoughtful presentation of even arithmetic. s will be stated later
in this report, the influence of such eduentors has ot been marked.

Beginning mathematics carlicr—It naturally will oceur to the
foreign reader, ns it continually oceurs to us, that algebra and
geametry, as indepenilént subjects, might begin earlier in our schools,
as is frequently the case abroad, and mi‘,t_'lbt cover a much longer
period.  But the adoption of such a plan Sould he impracticable

under our present form of organization. It would mean that in- .

struction which imperatively demands a tencher trained in mathe-
matics would be intrusted to a general teacher of all The subjects,
whose own available knowledge of algebra and geometry may he

very limited. Whenever thg'hlan of including in the hich ~chool
: Y ’ 1 k g

e lust two years of the clementary grades,! and departmental teach-
ing by the present high-school teacher begins with the seventh school
year, undoubtedly the algebra and geometry may safely begin earlier
than at present.and extend over a longer periad; but in the public
school as it now stands our hope for improven-vt in this line lies

-either in the gradual intreduction of practical algebra into arith-

metic, or in the preparation of elementary texthooks in atilitarian
algebra and geometry for lhose‘who do not propose to study mathée-
matics in the high school. ’

q * THE DANGFEf OF UNIFORMITY. d

Farly uniformity.—1t has come down to us from our Declaration
of Independence that “all men aré created equal,” and into this
phrase wt have read much that we knew was not true and much
that, has influenced our education, and in particular our elementary

mathematics. For we have read into it the idea that all childven:

have the same tastes for;"heed for, and ubjlity in this and other
subjects of study, and that all should take the same course with a
view to having equal opportunities. So emphatic has been this
opinion that only n few years ago it was commonly asserted that the
course of study should be the same in all schools, and that the pupil

‘preparing for college should follow the same. curriculum 1 the boy

A L4
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who was going into the shop or the girl who wus looking forward to
domestie service orsto the home.

Of late theré has been a natural renction against all of this ex-
treme view, and as n result we are now having various types of in-
dustrial classes, apprentice schools, trade schaols and tle like, the
mathematical work of all of which fs described in ghe reports of
Committees 1T and VI,

Neylect of mathematios—In all of these movements, ]10\\'0\'01’, the
first thought has been given to the pupil who does not wish to learn
mathematics. or at nost to the apathetie one, ruthtr than to the one
who wishes to learn.  Our uniformity in the past led to mediocrity,
and our specinlizing of the present is only for the boy or girl who
is looking for the purely utilitarian. That many schodls have secured «
satisfactory results is in spite of, rather than because of  such
conditions, - '

Tt wonld seem that a desirable step in elementary public education
would be to make some provision fok the pupil who wishes to progress’
more rapidly in one or more lines of serious study. It is possible that o
some plan may be evolved that will allow us, nt the end of the first
six school years, to differentiate our pupils, requiring-all (o take at
least as much mathematies as at. present, but allowing a select group
to proceed more rapidly and to cover more ground., If this could be
repeated later, we should be able to give to everyone the ntilities of
the subject while allowing the few to go at a more rapid pace, to do
the work more thoroughly, and to cover more topies. It is too carly
to assert thit we have reached a period in our deyelopment when
such a plun is feasible, but herein we may possibly see a move that |
may profitablly be made in the teaching of elementary mathematics. *
But any plan that should mean a mere clective system in the sec-
ondary .;('himl, or a diminution in the time now givert to mathematics,
would be disastrous to the child's mental development. At any rage
some hetter method than the present one of giving opportunity to
the one who wishes it, while preserving a good, conrse. in mathe-
matics for all, will probably be developed. . - 4

EFFECT OF UNDUSERIALIRM.

Ls

The elementary school—The rapid growth of industry in recent
years has had its effect upon the mathematics of the elémentary
schools, chiefly,in respect to the nature of the topics and problems in ‘
the last two years (the seventh and eighth grades). The early oceu-

pations of the people of the country were sgricultuve and refaily, - * J

trade, and the topics of arithmetic were selected accordingly. At i

present the urban population is increasing much more rapidly than Of
the rural, and our industries have come to be controlled by large

. - : w . ’ s
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corporations. As a result, the agricultural problem is less-in vogue,
and the problem of the city and industrial type is more prominent.

“For the large mass of schools this is the general effect of the change

that has been mentioned.

Industrial schools—For a small number of schools the effect has
been more marked. Thus we have in Massachusetts a recent. develop-
ment. of imdustrial classes, the mathematies of which it is hoped will

¥ boe conditioned by the chief industr® of the particular localiy. In

severn] States there is an effort t6 have the schools in pgricultural
centers relate mathematics, and other topies as well, to the work of
the farm. In a nwmnber of cities there are industrial schools of vari-
ous types, as deseribed in the l(‘])On(\ upon this subject,! and these
have afl nimed to arrange the work in arithmetic so as to meet ‘the
future needs of their pupils. The natural tendency has been to make
such conrses narrow, and to develop only a limited vision of the
worR even inarithmetie,  In general they do not pretend to be more
than utilitarian: confessedly Limiting the powers of the children, to
some small field. ~Their value lies in the motive for work that is
prasented by its relation to some handieraft in which the children
are (ingugo(l *For a certain type of mind they are valnable, bnt they
do not contribute to uny considerable broadening of this miud. nor
do theyv seek to add that general culture which has been found to
make for happiness and for svmpathetic interest in the world at
large in later life. They tend to elose’the door to general mathe-
matics, and they are to this field what a course in the literature of
artisans’ manuals would“be to the nobler literature of the language.
must, however, be- u-cogmzogl that there exists a type of mind to
which tlns wark appeaks, and thnbv{or\tlns ‘pe such work is neces-
sarv. Inso fr as the sehool is rl{_,l'ﬂn its Judgment th¥t a pupil is
not. worthy of something better, such a narrow range of worls is to

. bt commended. Tt is to be hoped that courses: will he organized that

may worthily meet this condition; but it js also to be hoped that the
schools will recognize that the well-traitied® all-round ecitizen needs
a more general edueation than this type of work in mathematics

suggests, :
Practical 7)robl('ma.—;\long with this movement there has pro-

ceeded an effort to add motive to elementary - mathematies (nlmost

exclusively arithmetic) by relating the problems solely to the manual
arts and to the purchases and other immediate needy of the children
from grade to grade. ' Within reasonable limits problems of this type
are valunble, but it.is easlly seeén that they may become worse than
“the oldest types that®we have inherited. A pmblom about bhook-

binding is of no more value than one about the price of a cow y\less

. 1 8ee the teports of Lommmm 11 and V1.
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the pupil is binding a book; indeed, it ix probably distinetly less
useful, since the value of a cow has the more important information, -
Unless, therefore, special manual-training problems are directly
correlated with the corresponding manual work, they are usually
worse than the conventional general type that has stood the test of
time, provided always that this typg is modern in its content. ot
this reason there has not, in this country, been any perticular inter-
‘est shown by the general type of school, cither in the problems of
some narrow ficld of industry or in these that relate to the industrial
and domestic arts, except as introduced directly in classes in those
subjects. It has generally béen found that there should be a goad
all-round conrse in arithmetie, with madern problems of n general
type. and that it should be left to the classes in the various special
arts to draw upon the knowledge thud securgd to solve their own
p:lrti(‘ul:u; problems.

I

.

>

THFE TEACHERS,

*. In general the teachers in the elementary schools in the Ulnited
States are women, the reasons for which have been set forth in the
report of Committee T and elsewhere in this report. In some cases «
* . menare employed in the higher classes.  These women teachers are,  *
i the cities and lavge villages, generally graduates of normal
-schpols, of city training schools, or of high schools.  They have to
pass a State or.a city examination for a license to teach, and. they
form an efficient and devoted body of workers. In the rural schools
and in” the smaller villages there is need for improvement. ow ing to
the peculiar conditions in wiiich our country finds itself at present.
Many teachers in Ll,icso schools recognize, quite as well as others do,
their deficigncies in education and in professional training. Tt can
only be said that. under the conditions in which a new country finds  +
itself, it is impossible to secure the nuimber of trained teachers nee-
essary to do the work as the country would like to see it done. The
improvenent. in this direction during the past generation has, how-
! * cver, been gratifying.” Tt shows itself in a greater public apprecia-
tion of the need for well-qualified instructors.aund.in a general .
increased interest in the work of the school.

THE OUTLOOK FOR IMPROVEMENT.
-

AN

-

Pregent eriticisms.—The work in mathematicg in our elementary

- schools has been criticized—hgs always been criticized—as unsatis-

- factory. In general it is said, end with some truth, that™ pnpllq o

leaving the school at the age of 14 gan not add, sibtract, multiply, i
and divide, in the domains of integers,.simple common fractions
and decimal frictions, with fuir rapidity and with accuracy, and’
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that they are deficient in the ability to find per cents of numbers.
The geneml publlc. and, indeed, the countinghouse, th$ bank, and
industry, give voice to few other criticisms of arithmet c, but there
1s no uncertainty as to these that have been mentioned. While the
general public does not profess to judge whether a child has peen
well taught with respect to square root, proportion, or inverse pro})-
lems in percentage, and professes np great interest in the deficiency
of children in matters of taxes, insurance, and investments, it does
judge, and it judges harshly, this inability of ‘children to handle

the fundamental operations with certainty” and with " fair degree of”

skill, It states with some emphasis that eight vears qught to be long
enough to accomplish the little that it demands, and it is probably
justified in this complaint. The school is recognizing this fact and
has begun to adjust its work accordingly. Recent courses of study
have substituted more .work in the fundamental operations for ter-
tain of the obsolete applications of arithmetic, it being the feeling
that if the pupil knows the processes thoroughly, together with the
commeon rules of mensuration, he will see how to solve the problems

* of his vocation when the time arrives,

Improrements suggested —The first improvement, therefore, ‘in
the immediate future seems to be to emphasize the work in the
fundamentals of arithnietic, including the domains of integers, com-
mon fractigns. and decimal fractions (with percentage), using com-
plicated cases only sparingly and at the end of the course.. That

this can be done withont a large amount of drill work in pure number

is not the general opinion of experienced teachers.

As to the methods of presenting the snmple facts of number, our
schools seem to be ‘accomplishing their task in a satisfactory manner.
There hasbeen a healthy reaction against the nse of narrow methods;
and although individual. teachers will naturally have their favorite
devices (as of going to some extreme in measuring, the exploiting
of the ratio idea, and the use of such a limited range of -objects as
inch cubes), there is a general recogmition of the fact that the prob-
lem is really a simple one. At present the teacher commonlv erhploys
convenient objects, without confining herself to a narrow list, for
‘the purpose of making number concrete and of having the number
fact understood, abandoning them wheR this pWrpose has been ac-
complished. There is a decided tendency to recognize that number
processes must become mechanical if they are. to be used successfully,
and this has resulted in a return to drill work on the operatiéns, a
feature that has never been abandoned with satisfactory results,

As to the applications of arithmetic, there has been a general ten-
dency to make thése appeal to the pupil’s activities and interests as
far a8 possible. There are certain large fields of apphcatlon that

nppeal to all, relatmg to commodltbs found everywhem, to general
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1 * business customs, and to the common occupations 5£ our people, and
-§ these find their places in the general textbook for.all schools. It
. . »

has been found, however, that the Interests in one part of the country
are not those in another part, and the outlook for improvement at
present is not so marked in the way of textbook problems as in the
awakening - of the School to the a’E'antages of problems of a local
character. This has shown itself i the preparation of Jists of prob-
lems dyived from the interests of the particular locality. a
sionally in the printing of brief collections of this character.
The curriculum.—As to the arrangement of the curriculumn, the
outlook seems to be for a return to a plan in which a subject, such
as percentage, is taught consecutively until it is fufficiently mastered,
or with not more than two breaks in the sequence, as opposed to an
extreme spiral method that was tried a few vears ago. Under
"o “adequate supervision the plan of breaking such a topic into two or
three parts, properly graded as to difficulty, has succeeded ; but
without this supervision, or in schools not equipped with trained
teachers, the topical arrangement of matter has been more satisfac-
Yory. The outlook is that both types will be recognized, and that

. little by little s mean will be found between the two,

nd ocea-

IIT. SECONDARY SCHOOLS.

ORGANIZATION. .

. General and technical ,m-oml(ir;/ xchools.—The secondary «chools
of t}ne United States may be classified as general apd technical, tha
former having general culture as their primary aim. while' the latter
aim to prepare more of less directly and completely for certain occu-
pations. As the technical schools have arisen largely during the past
decade only, and are of the most varied character, theif diverse cur-
ricula are as yet in the earliest stages of their evolution, and the
problem of the modification of the work in mathematics as found in
the general schools, so as to adapt it more effectively to the purposes
of the various pes of technical wchools, is one that now calls for
to the present tine the conditions and tendencies
hematics in the two types of schools Imve not
Ives sufficiently sharply to require separate dis-
point.* A
d private schools.—Both the general and the technical
¥ be again subdivided into public and private ‘schools,
~ For the general schools, the public and the private schools have been
separately studied.! The results have shown surprising uniformity.

! 8cparate discussions are given 1o the reports of Committees 111, IV, and A¥ and their

subcommittees,
'By Committees II1 and IV, - ] "
: )
l::" ‘-v““ _.;.\._-.)-v- ';S;,_‘ (1 .&:“ &, v.u '.:J;".»'. .‘.- o 'M) s‘;’«j.\»‘:~'."«‘.x "::‘
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. .

Both private and public schools have long existed in large numbers
in the United States, and it might be expected that the absolute free-
dom on the one hand and the more or less considerable measure of
central administration in the various States on the other would' lead
. to marked difference in the work of the institutions. }'e}‘_ii direct
mention of the type 3f school and the statistical matter pertaining
directly to the type were eliminated from the report on the public

general secondary schools and that on the private genexal secondary
" schools, they might well pass as two descriptions of the same class of s
schools writteyy by two.different committees. The agreements would
be many and important, while discrepancies would be few and usually
explainable by the naturally different point of view of two different
committees. It is apparent from the reports themselves, and is also -
a matter of current knowledge among those well acquainted with the
conditions in the United States, that the differences in mathematical
work bet ween the two classes as wholes js deaidedly 1éss marked than
the variations within each class.

Inthe present general discussion we accordingly spedk of secondary L
schools as a whole. distinguishing if need be between the good®hd
the poor. the progressive and the ultra-conservative, but seldom
between the public and the private, the general and the techniceal.

Admissgion to Ihe}mon({aq/‘srkool.——Tho secondary school receives
pupils on examination or on certificate after completion of the ele-
mentary school course. The normal age of admission is 14 years,

and the course of study usually covers 4 years. -

-

<3 -hv-n»-.—..

THE CURRICULUM. ’

Recent changes in the curriculum iw mathematica.—The last few
decades have witnessed no thoroughgoing remodeling ¢hroughout the
United States of the secondary curricylum in mathematics at all com-
parable with those that have taken place in several Europeau coun-
tries. What changes have taken place have been made by a relatively
small portion of the schogls actingsingly, have viried widely accord-
- ing to local conditions,’and have left the situation as a whole but
little changed. ,

One must not, however, make the mistake of thinking that America
is complacently folding her hands in the belief that in the matter of
mathematical curriculum she has reached the acme of perfection.
This is' far from being the case, but- freedom from central control
and supervision has been accompanied by absence of central stimula-
tion and leadership, arid the distribution of ultimate authority among
thousands of local centgrs has had as perhaps inevitable consequence
a condition of affairs in which few of these centers feel themselvés
strong enough to initiate and carry through any important change.

iR A s 03
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For whilé the course of study in mathematics is nominally fixed by
the governing body of the sehool, after conference with its principal,
and to some extent with the teachers of mathematics, it is in reality
determined almost entirely by the entrance réquirements of the col-
leges.!  The schools, agting singly, seldom venture to make changes
in their work which would throw it out of conformity with- the cur-
rent entrance requirements of the colleges to which their pupils
usunlly go. The colleges, o the other hand, must consider the cupa.-
bilities of the schools in fixing these requirements. The accomplish-
ment .of the schools and the requirements of the colleges being at -
present in working equilibrium, any one school or college introducing
a radical change single handed might find itself not so muth initiag-
ing a general reform as diverting students ‘from itself. Under our
“present custom of action (or inaction) by single institutions, not all
. institutions feel cither the responsibility or the ability singly to
grapple with pational problems, but all feel keenly the strong pres-

o sure holding each single institution to conformity to present standards
and customs, . Z

In thix connection an important opport unity of leadership
i offered the strong colleges. part iculavly those of private foundation,
; ) If tye State university. as part-of the general State educational
organization, is obliged to necept ‘students s prepared by the gener-
ality of the schools of the State, the privately endowed institution is
free to make use of entrance requirements to select stndehts whose
preparation has been satisfactory. and on thjs basis to give them a
better education than would otherwise be possible. The experience °
, of leading colleges acting singly in past decades shows that this is
not an impossible ideal. Under concerted study and action, the out-
N look would of course be decidedly more promising, _
The ¢urrieulum in mathematics—The curriculam in mathematics
in secondary institutions with a full eourse of four vears varies but
littTe in the great majority of cases from the following n\erage (the
arabic numerals denote the work of half a year, 18 to 20 weeks, 4 or
b periods of 40 to 50 minutes ench, weekly)
FIRAT BCHONI, YFAR,

\

1: 2. Firet eourse in algebra, including literal notationy the four fundamental J
operations for poslitive and negatiye nusbers, fractions, factoring,

linent equationg In one or more unknowns, probléms leading to such
*woequations, quadratic squations with numericul coefficients and simple
problems lending to such equations.” There I1s a tendency to usé
problems relnted to the life of the day. when availabie. Graphle

.. oot o SIETY T B i

.

] {
% » methods arym-d to romie extent.” P 7 i
! Bee report of Commlittee 111, p. 15. ’ s ' |
*For a more detailed account of the work In the varloun mubjfects, see the MpdTol |
s Committee I11, p. 17 et seq. —. . S ¢
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SECOND SC1{00f, YEAR.

3; 4. Plgne geometry. This course covers five * bovks " : 1. Rectilinear figures;
1L. The circle: I111. Similar polygons; 1V, Arens of polygons; V. Refu-
lar polygons and the meansurement of the circle. The work fncludes
the more or less "original” demonstration of a goodly number of casy
or moderately difficult exercises, including problems In loci, and con-
stitutes all the formal fustruction in elementary pline geometry that

the pupil ever receives. In school, college. or university.
-

THIRD SCIOOL YEAR. .o
B. Second course in algebra. Rudieals. and exponents. but not Jorarithms
Quadratic equi.ions in one unknown: solntlon amd problems, with
1 some attention to the disertininaut and the relation betweenthe roots
and the coefticients. A few higher eguations golved by means of quad-
rattcs, and a few special cawes of systems of equations with two
unknowns solved by meung of quadratics. The elements of arithmetie

and geometric progressions. Tendencies ns under 1 and 2.
8. Solid geometry. Thia covers four ® books™: V1, Links nnd planes in space:
VvII. Prisms and pyramids: VEIT. Cylinders and cones; IX. The sphere,
. The subjectsngre treated as under 3. 4. and mnstluzte the totality of
the formal Indruetion in’elementary sold geometry given fn school,

KOBORIR,

college., or uhiversity. B

3 .7

. FOURTII BCHOOL YFAR. ir
7. Elemeniary plune (rigonometry, -

8. Third coursc in algebra. , . ' 3

- 4

Courses 1—4 are generally required of all pupils and course 5 is
frequently so required. while courses 6-8 arc nsually elective. A\ i
course in commercial arithmetic is also sometimes offered. As course : i
5 is always required for admission to colleges and technological §
‘schools, while course 6 is generally so required by technological
schools and sometimes by colleges. these subjects are usually given
by the &chools and are elected by a considerable number of pupils.

Course 7 and course 8 are given by practically all colleges, and in

. practice are regarded as primarily colleginte work. ‘They, rrre accord-
ingly given by relatively few schools and elected by relatively few
~ pupils in those schools. The ground covered and the method of the c
treatment are largely influencgd by the wish of the school and the
*  pupil, that the work done may be accepted by the college 1)) whieh
the pupil goes. ’

The standard secondary-school course in mathematics as it actually
exists to-day may be regarded as consisting of courses 1-6, deseribed
gbove. There are somé variations in order, but the above may fairly
be regarded as typical. As & textbook is always used, and as the
tenching usually adheres .closely to the text, a good :idea of the

. details of the ground covered may e obtained from the exnminn}'gn
E " Ofsome of the books in current use. : .
Tendencies (o modification.—Marked tendencies to change the cur-’
& riculum.in vetious details are distinctly noticeable in the country, and "
) soem to bs guining in strength. Thus, there are tendencies to omit

b G 5
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»

geometric. proofs that are either obvious or too difficult; to transfer'
the more difficult portions™f the algebraic matter hitherto given in
the first year of the high school. to a later year; to avoid algebraic
manipulitions of greater complexity than is requisite ‘to prepare
pupils thoroughly for the work that lies bevond; to give more promi-
nence 4o the equation; and to ‘introduce more problems from physics
and other sciences and from practical life, s

Simultancous teacking of algebra and geometry.—It has been pro-
posed to redistribute the subject matter of algebra and geomet Iy as
now taught in the Secondary schools (without ring cither the
ground ultimately covered or the total amount of the time given to
mathematics) so that algebra and geometry ghould be taught sinul-
taneously during the years in which they are now taught successively.
In considering sucgha rearrangement there arises first of all the
question of its theoretic desirability ; should this be decided affirma- *
tively. that of its feasibility presents itsel f* From the point of view
of educational theory it may be urged that the simultancous teaching
of algebra and geometry is desirablg, becauseait permits the gradual
development of both subjects during a long périod. thus facilitating
digestion ‘and assimilation ; because it allowdthe postponement of the
; more abstract and diffienlt portions of ench subject to the later vears
‘ of the curriculum when the pupil is more mature, both mathematically
i and in general : because it makes possible the use of the methods and
; results of either subject whenever advantageous in the treatirent of
problems of the other: and because it eliminates the detrimental
: periads of disuse of either one of these subjects or of all mathematies.?
4 On the other hand, it may be urged that the simultaneous teaching
' of ulgebra and geometry is undesirable, because many teachers fear
that at the age of 14 the pupil’s mind is not sufficiently mature to
1-  «  begin demonstrative geometry without distinctly lowering the stand-
ard of the instruction, a” result that would be decidedly deploruble;
becruse the points of direct contact between algebra and geotnetry ™
are so few that the stmultaneous treatment allows for little if nny
more correlation than the tandem arrangement; because tliere is
already n great deal of practicnl mensuration that has been included
in, arithmetic on which to draw in the first treatment of algebra ;
becauge there is also included in arithmetic the general idea of
similar figures in connection with the applications of proportion ;
and correlation with the work-in areas. solids, and similar figures is
therefore possible in the first course in algebra at present and is
actually effected .by a large number of teachers; apd because wlhen
geometry is reached correlation with the. algebra that has preceded
is feasible under the present order. :

b
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1 Boe report of Committes V1I, pp. 20, 21.
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Considering the pyctical aspect <f the plan, those who advocate
the simultaneous teaching of algebra and geometry poirt te the fact
that it has been long and thoroughly tried by some of the leading
nations of the world; that these nations havg found simultaneous

teaching entijrely feusnblc and have achieved -excellent results under’
“it; and that every one of them is convinced that the simultancous

teaching of these subjects is decidedly preferable to therr successive
teaching. . ’
It does not follow, of course, that the plan must needs be practicable

under American conditions. In determining whether or not this is _

the case, the measure of general preparation of our teachers, theyr
degree of readiness to handle this particular plan, the heterogeneous
character of our pupils. the number of pupils that trausfer from one
city to another in the midst of their secondary course, the existence of
suitable texts, and the temporary disturbance occasioned by the
change must all be taken into account. '

The plan has actually been tried in a few American institntions
with divergent results. In some cases the experiment has proved
satisfactory and the use of the plan is contiriued;* in others it has
been tried and abandoned, partly becnuse teachers have found that
by teaching geometry only two davsin the.week the interest of the
pupil is not as easily carried over from one class exercise to another as
when the subject. is taken up every day.

It must not be understood that the simultaneous teaching of
algebrn and geometry means an equal distribution of the weekly
time between the two'subjects. Such a mechanical attempt at simul-
taneous teaching would offer the minimum promise of success.
Simultaneous teaching as used above means rather-a “block system,”
a gistribution of the subject matter so that in each year blocks of
al‘%{i and geometry alternate, each block having a wessure of
unity~and completeness in itself. The present curriculim for the
first two years may be described as & system of two blocks. Thase
who may be disposed to try simultaneous teaching would find a
system of four blocks for these years a conservative and advisable
beginning. If this should prove successful, the blocks may gradu-

. ally be made smaller as experiénce dictates.

Nor should simultaneous teaching be understood to imply &
“ fusion ” of the two subjects into a homogencous whole which is
neither ome subject,nor the other. Such a.fusion is impossible,
owing to the inherently diverse characters of the two s‘b)jects,' It
would in any event be undesirable, and attempts at app
to it are not to be commended.

1"Report or Commltm 1V, pp. 150-189.
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THE INSTRUCTION IN MATHEMATICB\

Aims—In the nontechnical secondary schools the teaching of
mathematics is regarded as having for its chief aims thé-.mental

de\elopment of the pupil and his preparation for later scientific’

work.! It is held that the essential benet. 5 of the study of mathe-
matics can be attained as readily and as flfly in the study of the
subject matter required foer admission to ccllege as in any other
sclection of topics, and consequently the courses in mathematics
offered -to all pupils conform to the current collegiate entrance re-
quirements. .

Two tendencies in the thought of the country concerning the aims
of teaching, secondary mathematics should be mentioned—a tendency
to modify the conception ¢f the aim of the teaching to conform to
what is understood to be the outcome.of recent psychologic research
concerning the value of **“formal discipline,” and a tendency to

_attach greater importance to the utilitarian possibilities of mathe-

matics.

With respect to the former, workers in mathematics have every
reason to be gratified by the progress that is making in the utiliza-
tion of the mathematical type of thought in the treatment of the
problems of psychology and in other complex fields; in the predomi-
nance that precise thinking is gnining over vague theorizing in so
many domains of the scientific and practical activities of the day
they will see added reason for t! 4 careful training of the ceming
generation in habits of precise thinking. beginning w rf(that simple
and readily mastered domain. commonly known as elementary mathe-
aatics, which has been and is the inspiration and model of precise
thinking |n more difficult fields. - ~

That njithematicians' will accept and take to heart the results of

e 1gat10ns that bear upon their science or its teaching
goes without saying. 1Tn fact there is danger that, in unhesitating
confidence in the dominance of the mathematical idea in modern
scientific thought, they will too readily accept as ecstablished with
a definiteness akin to that of mathematics results announced by
students of a sister science without ascertaining that the conditions
real]ly warrant such acceptance. e

With respect to the so-called “doctrine of formal dlscuplme in
particular there is danger that results of psyvchologic research may
be misunderstood and misapplied by one who accepts it as a settled
fact that these researches have “exploded the doctrine of formnal
discipline as generally stated,” without any statement of what the

doctrine is or how it is “exploded " The mathematical thinker .

14} is instructive to compan with these the aims sct forth for the study of mduato y
. mthemtlcl in the nport of Committes XIJ, p. 12, ‘{d cited 1a this report on p. 4s
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will demand that the “ doctrine " in questionBe explicitly and clearly~
defined, and that the expd¥iments and their results be stated with
equal definiteness. Ile will then ask himself in how far he has
actunlly héld the view that is stated; hewill consider the numbeér
and character of the experiments and the personal equation of the
investigator, and will determine what it is that the experimenta!
results really prove: and finally he will decide what modifications, if
any, these rexults require him to make in his attitude. At the
present time few. if any, mathematicians who are conversant with
the results of such experiments as have been made, and are sympa-
thetic with their spirit, feel that aught has been as yet established
which would require them to chinge their views of the value of the
study of mathematics. -

The mathematician welcomes every effort to substitute careful .
experiment and exact results for loose thinking and dogmatic gen-
eralizations. and in this connection recent work on ‘measurihg the
mathematical ability of children and systematically testing their
mathentatical progress may be mentioned as constituting a sug-
gestive beginning in a large and important field.? ‘

As regards the second tendency, that of the increazed emphasis on
the utilitarian values of mathematics, it may be noted -that this
tendency, praiseworthy ax it is, carries with it ati clement of danger.
The practical aspects of mathematics deserve attention not only on
account of their inherent value, but also on account of the additional
interest which they may arouse; and the effort to exhibit the role that
mathematics plays in the werld about us deserves only comniends-
tion: the danger connected with this tendency lies not m the intro-
duction of utilitarian applications, but in the attitude of mind which ;
the search for such applications may engender. The very variety ]
and importance of the uses of mhthematics in trade and industry S
may tend to foster the opinion that the fearning of such uses is
the chief cnd of the teaching of mathematics. “This is, of course, no-
more the case with Tespect to mathematies than it is with respect to .
less utilitarian subjects of the currienlum. History and Englisle”
literature are taught not becanse they can be directly used in earning
dollars, but because the educated person should know semething o6f
these fields and because the mind of the pupil will grow along desir-
able lines through thinking their types'of thought. Mathematics is
taught for quitg similar reasons. Tt4 utilitarian possibilities should *
not cause us to forget that the main purposes of its teaching are
to acquaint the pupil with ‘the content of a portion of a domain
of thought that is fundamentally characteristic of the human mind
. asguch, and not of any particular time, place, on\ciyilization, and to

1 8ee }eport. of Committee I, pp. 86, O1.
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cause his mind to grow along dgsirable lines by actually- thinking
in the type of thought that is characteristic of this domain.

Mode of instruct®n.—The form of instruction varies widely with
different teachers, to whom large latitude is usually allowed in this
respect., Only in case of a very unusual plan would it perhaps be
necessary to seek the permission of a superior officer (say the print
cipal), and a serious teacher of good standing would have no difti-
culty in securing it. Its renewal would of course depend on the
degree of success attained on the first trial. . ) :

As practicallf constant features of instruction there may be named:
The use of a text in the hands of the pupils, containing both theory
and esercises, to which the instruction conforms closely; preparation
at home of assignments from the text, usually with preparatory
explanations in the class; many blackbogrds (as a rule occupying
nearly or qaite all the available wall space of the room), on which the
pupils ean write_singly or simultaneously. the solutions of the prob-
lenk worked outyat home or solve others extemporaneously. Some
competent teachers successfully develop the''subject matter of
» geometry with the class without the use of a text:!’

~

PREPARATION OF ’I'E:\C\ERB. .

The growth of the facilitics fors preparation.—The systematic
preparation of teachers of secondary mathematics in the Yinited
States is buf in its infancy. In the collegiate mathematical instruc-
tion of two decades ago practically no special attentioe was paid to,
the needs ‘of prospective teachers of secondary mathématics. The
1 " opportunity to make acquaintance wigh mathematical subject matter
4 in advance of that taught in the high school had indeed longsbeen

offered by the collejes, of which even the smallest usually gave in-

3 3 X . : : 2 Y

; ¢ sruction in mathematics sufficiently advanced to include at least a
4 course in plane amalytic geometry and a fairly extensive first course
] » in the calculus. But the instrugtion in thede courses took no account

of the possible futire occupations of the students, and it may well
be doubted whether the thought that some’member of the class might
later teach mathematics often occurred to the collegiate instructer
with sufficient force to influence his work even slightly. \No separate
institutions for the training of secondaty teachers existed. .
Nearly two decades ago,* however, there began to be given ceprses .
of collegiate grade considering the subject matter of e]emer}flﬁlry
mathemati¢s and the methods of teaching it with reference to the
needs of teachers of secondary mathematics. The number of insti-
'+ tutions giving such courses has increased rapidly and is still growing

1for detalls.as to modes of instruction see the reports of Comm|itees 111 and 1V.
$Boe report of Commitiee V, pp. 58,
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to-day.! Further, there is every reason to believe that instructors

‘of collegiate mathematics are increasingly conscious of the presence .

of future teachers of secondary mathematics in their classes, and that
they are more and more frequently availing themselves of such oppor-

tunities as arise to point out the bearing of the work in hand on.

elementary mathematics. . P

There have also been founded in the past two decades various
separate institutions of collegiate-rank or independent divisions of
universities having the training of secondary teachers as one of their
chief functions? These institutions all have departments devoted
especially to nfAthematics; their number is'still growing; the stronger
ones have already become potent influences in the teaching of mathe-
matics in their epvironment and in the country at™arge, and they
give every promise of becoming still more effective agencies of

. progress in the years to come.
It is especially. gratifying to note that the institutions whicl in one

form or another are giving courses on the teaching of secondary

mathematics are, as a rule, well equipped to give adequate instruc-
- tion in a range of mathematical subject matter sufficiently wide to
_meet the needs of the prospective teacher, and thus are prepared to
base a sane study of the problems of teaching upon a sound foundation

of mathematlcnl kno®tledge. In this way there is obvinted the not °

"~ altogether unwarranted distrust of an elaborate study of * methods "

\-0.

based upon a meager fund of ““matter.”

The past two decades may be said to have witnessed the beginning
*of the systematic training of secondary teachers in this country and
its development to a sufficient extent to mark the probable lines of
its further growth. Corresponding provisions for the needs of the
elementary teacher had been made earlier by the formation of the
normal-school system, and that for the teacher of collegiate mathe-
matics may be regarded as a' problem of the immediate future. The
practice that is occasionally found of giving advanced graduate
students the privilege of serving in early collegiate courses ag as-
sistants to experienced instructors and of teaching under their direc-
tion and supervision is a considerable contribution to the solution
of this problem. Such work should, however, be distinctly a course

of study and not service rendered for remuneration. The practice.

now so prevalent among adv anced students of duertmg.ﬂlelr ener-
gies from scientific work to.the instruction of classes for the pur-
" pose of earning funds to meet current éxpenses is a serious evil.?

It is also possible that efforts to make provision for the needs of
the prospective teacher of collegiate mathematics will take the shape

1 8ee feport of Committee 1il, pp. 790-80,

. 88ee also this“Feport, p. 66,
8 Sea report of Committee V, p. 7. . R .
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of an enlargement of the scope of the work of the stronger institu-
tions that are already covering the secondary field.
. The present degree of preparation—At present the strong newly
¢ appointed teacher of mathematics is a college graduate -who has
lind n year's course in the calculus, with antecedent courses, making
Q\/ a total of from 180 to 360 class periods of collegiate work in mathe-
matics. Usually he has had varving additional amounts of mathe’
matical work, and occ usmnal]v he has had some training 1n the
theory and practice of teaching the subject. &

The aver age newly appointed teacher of mathematics is a college -
graduate* who has had only about one year’s work (from 90 to 180
class hours) of mathemulws beyond the work of the school in which
he teaches.?

The constitution of this year's work varies somewhat, but a
typical combination would be: Trigonometry,.college algebra, ana-
Ivtic geowetry. The average preparatlon includes no strictly pro-
fessional training, no course in the teaching of mathematics to
initiate the candidate into the teacher’s mode of viewing the events
of the classroom. Consequently, he enters upon his work with but
little mathematical knowledge in advance of his pupils, and with no-
training at all in the technique of the work he is about to nndertake.
e is essentinlly a former pupil, somewhat matured by the general

! - experiences of his college studies and life, come back-to teach his
quondam fellows. .

If successful in his work, he develops into a good teacher “at the
expense of many mistakes, more or less numerous and serious, atcord-#
ing to his‘measare of native aptitude for the work of a‘teacher. In
exceptional cases lie extends his mathematical attaimnents further
by means of attendance on summer sessions of higher institutions,
by private study, or by correspondence work.® But it undoubtedly

! requires special enthusinsm and devotion to do this in addition to

! the heavy burden of teaching work generally carried.

é It is obvious that this measure of preparation is entirely inande=

i quate and that, \\hllQJl()nCl‘r conditions’ may have requ1red the
toleration of such a state of aflairs up to the present, the time is now
at hand for the adoption of a, radically different course.

In this connection the nrgent need of taking effective steps to

make the work of teaching secondary mathematics more attractive

. to men should also be mentioned.  While the devoted service given
by women in the mathematical work-of secondary schools and the
earnest efforts they are putting forth to meet every educational re- f
quirgment deserve only warmest commendation, and while there are - |

11p the totality of teachers already {n mervice the proportion of college graduates
varles largely. Bee report of Committee 111, pp. 76-T8, , - |
2 Bee'report of Committee 111, pp. 76-77. . ' ’ ]
'8 Bee report of Committes VIIL . . ) . |
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many women,whose mathematical aptitudes and proclivities fit them
to reachr the highest level of efficiency in secondary work, it is un-
doubtedly true that on the whole the intellectunl interests of wonien

do not lie in pure mathematics to the sume extent as o those of nen,
.and still less is this the case in the applications of mathematics to

physics and other sciences or to engincering and other occupations.
Mathematics'is thus a field which furnishes exceptional opportunity

for impressing on the pupil the man's point of view andghis wav
I )

of grappling with difficultios, a feature of instruction which should
be prominent in every well-rounded scheme of secorrdary education.
Tendency to raise the standard —A\ marked tendency toward rais-
ing the standard ofs new appointees is to-clay to be found througliout _
the country. This i5 due in part to the awakening of a keener con-
sciousness of the desirability of higher standards and in part to the
greater supply of candidates who have had some collegiate or even
graduate mathematical and pedagogic training. TIn consequence of
the work done in the departments of mathematics in the graduate’
schools, in the more advanced undergraduate work of many col-
leges, and ih the professional schools for the preparation of sec-

_ondary teachers, large and increasing numbers of candidates whose

training is decidedly beyond the average stated above are constantly
sen®forth. Those who thave attained the doctor’s degree in mathe-
matics have no diflicalty in securing collegiate positions, but those
who lhave (mly'zulv:mccd part .\\':l;\' through the graduate school or
who have merely attained the bachelor's degree, even though spe-
cializing in mathematics, have little ground to expect to secure a
desirnble collegiate appointment. These eandidatds, as well as those
prepared by the professiqnal schiools, must nsually find their posts
in the secondary field. Thus the average attainments of the new
appointee are gradually and surely being raised by the mechanical
action of natural cnuses. . But m$te rapid amelioration of conditions
is desiruble than will be achieved under the slow and bligd actior
of ndtural conditions, and earnest efforts are requisite to nceelerafe
the rate of progress, for undoubtedly the greatest single need of the
day. in the fieldeof secondary mathematics is the bétter preparation
of teachers. -Any material advance i this respect wonld have saln-
tary effects far beyond the domain of actual instruction. A body of
adequately equipped teachers would not only insure adequate freat-
ment of the problems within their control, but would also stimulate
decidedly better treatment ST those not directly subject to their
control, . S

From the practical point of view, however, it ust be neted that
even under the present standards the supply of well-prepared teach-
ers of mathematics fulls short of the demand, especially 'in the case
of men, and it might seem futile to raise the standard still higher.

.
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In reply. it may be asked whether all the schools that are n‘o\\' requir-
. ing better preparation have correspondingly advanced the remunera-

tion offered. Are schools €ndeavoring to secure n much better grade

of teacher for a qtlpond that was already too meager?  Salaries pro-

portionate to the requirements wil induee candidates to prepare
L . themselves to conform to uny standard. however high: but in .
country of opportunity and promise like ours, and at p time when
the high cost of living is as serions us at present, salaries barely
equal to the wages o skilled artisans or high-grade stenographers
. can ]mrdl\ be expected to attrnct ambitious and capable voung men
: and Women into years of enrnest and costly preparation for a serions  ®
' and exacting occupation.  Under present conditions the result will

evitably.be a supply inadequate both in number and in the guality
of those who formally comply with the requirements. The remedy
lies almost wholly in the hands of the appointing anthorities.  When
1t is ontee known that high-grade pay can be obtained by high-grade

" candidates with high-grade preparation and by no others, the supply
of such candidates will rapidly increase,

Proposed standards—Sehodls that desire to.appoint. adequately
prepared teachers look to institutions of collegiate rank not only to
furnish the preparation and to bear testimony concerning the quan-
tity and quality of the work «lone by the particnlar candidates nunder
consideration, but alo to determine what constitutes adequate prepa-

. ration. Hitherto a few individual writers have drawn up lists of
courses inteuded to outline such 1 minimum, and a few colleges have
independently ‘defined the attainments that a student must -have to
receive the colleginte recommendation,

These lists are meant to indieate the selection from the work now
offered by good colleges that may properly form the minimum re-
quirement. for all ("ln(hdatcs at. We present time. The lists are in
substantial agreement antl include, in-addition to the subjects tanght
in the schools, good courses in trigonometry, college algebra, analytic
geometry, the differential* and mtegral caleulus, determinants and
the theory of equations, modern geometry, the elements of analytic
mechanics, and at least a little work in theoretical and practical
physics.  Such courses on the history and the teaching of secondary
mathematies ns are offered by the college should ulso be taken.

With a little enrichment of collogmte instruction,! it would be
possible to require the follmvmfr minimum:

(a) Trigonometry, college nlgebrn analytic geometry.

(6) Surveying, or descriptive géometry, or elementary astronomy.

(¢) The differential and integral calculns \\1th applications to . -

gecmetry, mechanics, and phvsxcs '

(d) Modern geometry. : o

S 18¢e the Ciacusalqn Of advanced collegiate electives; p. 45 of this report,’
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(e) The elements of analytic mechanics.

(7) The elements of theoretic and laboratory physics. .

(g) Algebra from a modern standpoint. ;

(%) One or more courses mtroductor) to important fields of mod-

" ern mathematics.
,(#) One or more courses in the history of mathematics.

(7) One or more courses on-the teaching of mathematics.?

It would be desirable if the best secondary positions were attain-
able only by candidates who have had. in addition to the subjects
(a) to (j), at least a year’s work in graduate mathematics culminat-
ing in the master’s degree, and this measure of attamment 1s already
required in some schools.

We may repeat that secondary institutions can secure candidates
of any desired degree of thoroughne%s of preparation by offering
suﬁicxently attractive inducements in,the form of remuneration and
conditions of work. When once they let it be known that such
inducenients are permanently offered, an ample supply of desirable
candidates will soon be forthcoming

Progress-by teachers in service—Within the past score of vears
‘there have grown up important facilities for teachers in service to
make progress in mathematics without resigning their positions—
notably the summer sessions of a goodly number of colleges and
universities® and the various organizations of teachers that have
been formed. These ongamzatlons have done effective gnd most
desirable werk in arousing interest, in bringing secondary and col-
legiate instructors of mathematics into closer relations. and also in
contributing largely to such 1mprowements of detail in secondary’
mathematical work as have taken place since their formation,* al-
though they have not as yet led to’ any noteworthy general reform.
They have no doubt stimulated many teachers to individual thoyght
and progress, and they have within their reach the possibility of
participating valuably and with evervmcreasmg effectiveness in the
mathematical growth of the times, _

The secondary teacher and the textbook. —Imder present condi-
tions ps to the preparation .of teachers, it is inevitable that the text
-should be regarded as a fairly complete record of all needful matter

<= ang the ultimate standard. of ‘instruction. - Geonietry and algebrn

usually mean to thé beginning teacher but listle more than the body
of material in the books from which he was taught. In this belief
1'rhe|e courses may cover contemporary as well as past conditions ‘and ahonld utilize the

vast amount of valuable material furnished by the reports to the International Commlssion
on the Teaching of Mathematics. Messrs. Georg & Co,, Genen. Switseriand, are the sell-

ing agents for all these repocts. -

*These courses should include criticsl dlomnlon of the mbket matter, considerable
_observationfet instruction, and whenever poseiblg practice teaching.
€ 8 e report of. Committee VIIL,*p. 86.
‘lunponolcomtmm.m 15,24, . %
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he 'and his teachers to the n'* generation have been taught, and in
this belfef he teaches, except in the rare instances in which the col-
lege has effectively disturbed the tradition. It might seem that the
textbook could readily be made a potent instrument of improvement,
but there are serious obstacles in the way of the realization of this
hope. The text is selected by the teacher, or for the teacher, in" +
view of his abilities and limitations. Texts with marked dg¥iations
from those in current use would seem to many teachers no longe
really *“algebras™ or * geometries.” Such deviations would undoubt-
edly burden the teacher with the task of learning afresh whatever is
new in the book. Eyven a change from one text to another glong the
same lines brings ﬁNt_s of exercises for classroom use. Conse-
quently the average teacher is conservative jn the matter of text-
book changes. Reform through textbooks :jone would at Jest be
feasible only to u,restricted extent. because the text must be adapted

Z to the pupil, while the progress which the teacher must make to
improve his work can be aided chiefly by material in nowise adapted
to the mind of the pupil.

Furthermore, pablishing houses' take pains to secure the opinion
of the average teacher and of those who know him, and a manu-
script that does not bid fuir to win the approval of the teaching Body
in sufficient measure to secure a remunerative sale would not easily
secure an effective publisher. The influences at work tend toward

- the preservation of the present status rather than toward its amelio-
ration. This is strikingly seen in the remarkable similarity of the
current secondary texts in mathematics, and in the almost complete
absence in the United States of a highly diversified body of literature
relative to the ficld of secondary mathematics, spuch as is found in .
some other countries, made up of works, good and poor, varying

- widely and in many different directions from current usage, some-
times erratic, but often stimulating thought and leading the way to

. better things. Our publishing houses are not philanthropic irstitu-
tions and can not be expected to publish .books that give every
pmlmise of loss; but there is room for ¥~valuable piece of philan-
thropic work in establishing some agency for the- publication of good
mathematical works concerning which competent critics would ren-
der not the verdict, “ The average teacher ‘wil] probably like this -
book and adopt it as text,” but the verdict, “The good teacher ought
to like and use this book.”, ' -

- ] s 3 . : . . 2 %
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CONCLUSION.

- . ‘ ) - .

On general surwey of the secondary field two main needs strik-
ingly dominate the whole mathematical situation: The néed fof the #
better preparation of teachers and the need to reduce, if Dot ‘elimi-
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naje, the waste of effort involved in independent and often inade-
Kt;s treatment of fundamental anil broad questiof by sepdrate
schools, colleges, or local systems. " .
The first of these needs must be met by gradual development ; per-
haps all that can be done by individuals is that each should take
special pains to stimulate progress on this line whenever and how-

. ever possible. It will not suffice merely to raise the requirements for
uppolintment‘.; there must be an accompanying guaranty of adequate
remuneration and suitable conditions of work. To secure this guar-
anty is mainly an administrative problem, often a political one, and
must at present, be dealt with as may be possible through these
channels. » o ¥

As to the second, the quest;m is well worth considering whether
some form of concerted study can not be found that will succeed in §
focusing the best thought of the country upon those of the problems
relative to the field of sccondary mathematics that are really of a
general character, so as, to’ secure the preparafion -of recommenda-
tions that would have a moral authority commanding the nation's
)conﬁd_ence‘t?nd insuring their widespread acceptance,

IV, MATHEMATICS IN THE HIGHER INSTITUTIO_NS OF LEARNING.'.

THE» ELEMENTARY MATHHEMATICS OF THE COLLEGE AND THE TECHNO-
) LOGICAL 8CHOOL.. .

The conditions that prevailed only three decades agn in the teach-
ing of college mathematics are in marked: contrast with thoss of the
present time.> The typical college teacher of that period, like-many
school-teachers of to-day, knew little more of his subject than he was
obliged toteach. Tn the technical schools the. situation was the saine,
The calculus was taught like formal algebra, not only without regard
to its applications outside the domain of pure mathematies, but with-
out understanding of its nature, its principles, and its use within that
domain. Little wonder that the engineers whose student days lay
in those years have made relatively little use of the calculus in their
profession. The causes that led to a complete change in these con-
ditions are traced in the report of the Committee on Graduate Work,?
and will be referred toTater.

o .
..*WMMI& S

& 1For the benefit of the forelgn reader we -recall at {his point that the higher inggitu.
tions of learnlng in "the United States consist of the colleges and the techpological

country to fnstitutions below the rank of a good college, it also embraces those which
correspond to European standards, and In which the advanced Instruction o science af
R letters 1a"carried on. It is in the latter sense that the term university will be yged ?ﬂ
- what follows. :
. The terms of admisslon to the colleges and the technological schools are fairly unf-
.. foem, and so far'as they Jelate to mathematics are considered below. The average age .
olumneolnmnlaqndm.. o )
" 1hese: conditions are weil et forth in the report of Commlittee XII, pp. 48, 4,
* Committes XI1, pp, 7-10. | e

O

ERIC

Aruitoxt provided by Eic:



O

ERIC

Aruitoxt provided by Eic:

 geometry and the calculus. -

.

N .
-~ HIGHER INSTITUTIONS OF LEARNING. G 41

Entrance requirements.—The requirements in mathematics with
which all pupils who are to.be admitted to the better colleges and
technological schools of the country are to-day obliged to conform
are elementary algebra through quadratic equations, plane geome-
try, and sometimes solid geometry,! Thus the college or the techno-
loglonl school is enabled to arrange s program so that the student
in the freshinan year takes logarithms, trigonometry, and analytic 3
geometry. although often solid geonetry is also one of the studies of
that year. In some colleges much®time is given to algebra.*” This
is doubtless due in the case of the weaker institution to the fact

(that the freshman can not solve a quadratic equntmn\ and to the
extent to “l\tjch there is a tendency in scheol instruction in algebra to
lay’ excessive stress on the solution of problems, and to reduce the
training in pure algebra to a minimum, freshmen in all institutions
are still less likely to be able to use their algebra in college work.?
But the ultimate responsibility for such a state of affairs rests with
the callege,” which through not having enforced its entrance re-
quirement in algebra finds itself in the position ing obliged to
gi\'e school instruction. The presence of these entary courses -
in algebra in the college program is, however, also evplnmed in
part by the persistence of the formal calenlns of two or three decades
ago, when a course in the calculus amounted, to little more than a new -
variation in the formalism of algebra. 'On the other hand, those® .
parts of algebra that properly belong in a college course—deter-
minants, the solution of higher equations, and various minor topics—
are being taught at the present time in the better institutiorns in con-
nection with their applications or with kindred subjects i m analytic

Arrangement of the material in the elementary college courses.—
Sonte institutions have found it convenient to rearrange in a meas-
ure the topics treated in the elementary courses, and the calculus is
now sometimes begun in the freshman yenr, the more difficult parts ]
of analytic geometry being postponed to the following vear. The
plan is often referred to as one of ¢ fusion "—an nmalgamntlon into
a single homogenous course of subjects hitherto treated: in distinct
courses; and we have heard much of * water-tight compartments.”
What has nctunlly taken plnce in such institutions, however, has been
A modification in the order in which the un;lous topxcs of the mathe«
matics of the first two years of the college and the”lechological -
school are treated. The individual topics are studied in the main
as they were formerly, an individual chapter in analytic geometry,
for example, not being disintegrated and the unity of its method not

7 oaetpat ¢Cf. the report of Committes X, p. 15, ¢
‘Beport of Commlttee IX, p. 17. L 1
- ' :
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being ‘destroyed; but when this chapter is finished, the next topic
may be a chapter in algebra or the calculus. The esrly appheatlon
.of the caleulus to curve plotting, together with a brecadening of the
range of curves studied, and the introduction at an early stage of
the approximat lutlon of numerical equations, both algebraic and
transcendental, ‘ograplncal methods reenforced by the caleulus, are
two important results of such a reserangement of topics. On the
other hand, there is danger that the loci problem in analytic geom-
etry, thorongh drill in which is essential for umng the stadent mas-
tery of an ymportant and distinctive method in this science, will be
slighted because they are difficult and easier things are TG attract-
ive. In fact, care is needed throughout these u)urc'es that curve
tracmg be not mistaken for analytic geometry, and that the student
scquire unden the new system, as good students did under the old,
.the power to use the elementary brinciples of unulytxc geometry in
later work. ~

The courses in the calculus.—In the first course in the calculus the
simple integral as the limit. of a sum is introdaced at an early stage,
and numerous applications of the calculus td centers of gravity,
moments of inertia, fluid pressures, atiractions, kinetic#®nergy,
catenaries and arches, strings on rough surfaces, and the dynamics
of & particle, as well as to the traditional subjecigof curves and sur-
faceg—differential geometry—are taken up. Iths in the course i
the calculus that the convergence of infinite series and the applica-
tion of power series to computation and to the development of func-
tions are treated. Moreover, in those institutions whichh have a
strong department of physics or engineering a thorough treatment
of partial differentiation and multiple integrals with proofs of

- Green’s and—Stekes’s theorems is indispensable. These latter sub-

jects are not prescribed for all students, but are offered in a second

+ course in the calculus, which is elective, though it.may be pre-

scribed for certain classes bf students. Indeed, the first course in
the calculus is elective in. the colleges. but is prescrlbed in the
schools of engineering: c

4 The Perry Movement.—Much thought and dlscusswn have been

devoted i in recent years to the-content of the basal courses in mathe-
matics, both in the secondury schools and in the colleges and the
technological schools? ~ While the “Perry Movement” has been
influential in directing attention to this question apd emphasizing
the need-that the instruction be given in close touc } ith the appli-
cations, the conclusions at which most teachers kave arrived are

1Ct, E. H. Moore: On the Foundations of Mithematics, Bulletin Amer. Math. Soc.,
24 ger., vol. 8 (1802,3) p. 402, and Science, v41, 17, p. 401 ; W. . Osgood, The Calculus In
Our Colleges and Technical Bchools, Bulletin Amer. Math> Boc., 2d ser., vol. 13 (19068/7),
p. 449; Bymposium on Mathematics for Engimeering Btudents, & succeasion of papers
pubdlished in Belence from July 17 to Sept. 4, 1908,
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it is ized that—

in mathematical courses mathematics :should be taught rather thall applied
scifence. It is generally helieved that the introduction of t«-hnlcul applicgtions
in the nmthemntlgal clasrroom I8 advirabie only when they are so elementary
and familiar as not to destroy the integrity of the mathematical courses or
dimlnish their edueationl value by obscuring general principled. Al agree
that no illnslrntlnn should be used which requlres a®tochnical knm\lodgo not
porsessed by the student or readily explainable te him, as the in rmh)cﬂon of
unfamiliar concepts nmerely offers llw student two difficulties L)_hnrmnunt
instead of one. The chlef ditficulty ggems to be m finding technical f{llus-
tratlons which are sufficlently familiar, &8 tqu: mathematical courses are con:
fined to the first two yerg of the curriculum, :nd thus precede the student's
professional tralning,

In one instance the oh]oction is mlv that by enlarging npp!lmtlone the
conerete tends to fill so large a place in the mind that the principle In band I
ohseured as one of general application. *The general oplnion, however: ia that
if it is possible to arrange colirses in parallel. g0 as to furnish materlal for
fllustration, a training in formal mathematics in connection with its technical
applieations gives Jdepth of nnderstunding, strength’ of grasp, and freedom of
use most condielve to tho productign of eficlent and progressive stndonls,’

qulte dlﬁ'ezent from those of the adherents of Perry’s program. For

-

" Tt is only fair to add that a score of years hefore I Perry began his
campaign the courses in t{e caleulus in Harvard C()lloge were .being
modified with reference 16 bringing them into close touch with
physies, and that but a few years later a course, following these, in
the Newtonian potentinl function and the differential L‘(]l)d(l()n" of
physiesy was regnlarly offered-

Cooperation between the department of mutluma/us mul that of
engineering.—At. the time when the first \\IAL‘\I)Ieud (lulmnds for
technical instruction came to the technical schools and the colleges
offering technical instruction, the departments of mathematics, like
those of engincering. were unable to meet these demands. In, those
institutions in which both a department of engincering and one of
mathematics were present, it often came about that the engineers
preferred to have their students taught mathematics by men ap-
pointed in, the department of engincering.. While this arrangement
still exists in some institutions, there is— . .
substantinl agreement that there is no renson why engineers should be given
essentinlly different elomgntury training in mathematics from others, but that
all mathematical training is simply a question of teaching the subject thor- ]
onghbly and in such a way that the student shall he able to usc it freely. From
the standpoint of mathematiclans separate departmients of mathematics for
different classes of students are regarded dn narrowing and hurthl to: il
concerned, and regret ls expressed that specialized professional cou;s"ag nre
occupying an increasingly ‘large place in the curriculum to the excluklon (R W.e
more thorough grounding in broad fundamentals.!

1 Report of Committee IX, p. 37. ' 1bld, p. 88.
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* While this is encouraging, much remains to be done. Tf the best
results are to be obtained, it is not enough that the mathematicians
cooperate with the engineers; she enfineers must cooperate with the
mathematicians. The engineer who in his youth himself had inade-
quate training in mathematics and who has latef acquired by him-
self a working outfit is usually not#vell informed regarding the best
methods of the day in mathematics. His methods are the best for
him because he has devised them himself! But they are frequently
- not the best for others. Moreover, the engineer not infrequently
demands, not that the student <hall have the knowledge of mathe-
matics that will enable him to understand the mathematical treatment
that is to be presented to him, but that he have that knowledge in the
peecise form in which the engineer wishes to use it.  As well expect
to train a physician by giving him a course in druggist’s formulas,
It is not until the erigineer shall avail himself of the best mathematics
of the present day and be willing to make its concepts and its methods’
his point of departure that the problem of cooperation will have

beegsol vedd,

‘&m‘oom methods.—The classroom method most commonly in
use 1h the prescribed courses in mathematics is that of instruction in
small sections of 15 to 25 students. Sometimes the hour is devoted
to an oral recitation; sometimes the students solve problems assigned
them in the class, either at the blackboard or as written exercises
worked out during the recitation hour. The use of a textbook is
general, and in some cases the instruction amounts to little more
than the assignment of a lesson with some comments by the instruc-
tor, the class then proceeding to work problems as above described.
For the lameg and the lazy this plan has much to commend it; for a
textbook can be found with exercises so well “graded” that it is
merely a question of applying a rule printed in heavy type or sub-
stituting numbers in a formula. And every student can be required
>  todo at least so much. But there is little in~it to kindle enthusiasm - »

or inspire a love for mathematics. It curtails an adequate treatment
of the subject matter of tht course on the part of the instructor, and
it restricts the problems set to such as are so essy that they can’ be
done at sight. )

-Another method consists in the instructor’s setting forth the main
pnncxples of the subject in an informal talk, freely interrupted by
questions from the students. Problems both easy and difficult are
assigned to be worked Andependently outside of the class and handed
in. These are corrected and returned at the next meeting of the
course, ang those" that Tﬁ\'e presented any general difficulties are

iltis a eomason experlenbe ln; class In geometry that the oolutlon of an " original "
obtained by & pupll Is intricate and cumbersome, and yet it secems clear to the pnpil for

be m ducoverod it, . ¢
3 ) ‘. ' i B L4 ! %
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taken up before the whole class. The advantages of the method
are that the student gains perspective through the classroom instrue-
. tion, sees where to direct his efforts, and acquires power by working,
in addition to many easy problems, some that can not be done at
sight.

A further method is to some extent a combination of the two
above mentioned. Two consecutiv€ hours are dev oted to each meet-
ing of the course. The instructor wies as much of the first hour as
“seems desirable for the exposition of the subject, for working prob-
lems, and for general discussion. Problems are them assigngd to
be “orked by the students in the class and the instructor and a
corps of issistants give individual aid, which frequently consists in
a brief suggestion relating to a specific difficulty® The instructor
is thus kept in close touch with the class and has positive assurance
that the students can work the easier problems. In assigning more
difficult ones, whether to be worked in the class or out of the class,
he can choose with greater security sueh as are comymensurate with
the powers of the student.? Under the last two methods larger sec-
tions are possible, and thus the older and more experienced members
of the staff are enabled to teach a greater number of students.

Whatever the method employed be, written tests are frequent.
Moreover, the instructor is accessible to the student, and the Student
who seriously desires o learn has no difficulty in getting personal
attention.

‘

UNDERGRADUATE ELECTIVE COTRSES.
A

Under this title are comprehended those courses which are ueually
taken just after the first course in the calculus or mmultaneously
with it, namely:? () Modern gecometry; (&) mechames“ {¢) second
course in the calculus; (d) differentinl equations; {¢) determinants
and the theory of equations. To these may be added descriptive
geometry and surveying. In technological schools some of these
cqurses are prescribed for certain classes of students.

C The foregoing list includes the courses which are offered by the
stronger colleges and technological schools. In institutions with a
‘highly developed graduate depurtme“t the list is supplemented b)/
further ~courses.

Geometry.—In a number of our oolleges the courses named above
are characterized not only by thoroughness of treatment but by
breadth of view. The course in geometry which follows the intro-

" ductory course in analytic geometry is usually not confined to an
analyti¢ or to a synthetic treatment of projective geometry, but
avails itself freely of both methods, and is sometimes devoted in

1(t. report of Committee 1X, p. 40. . .
2CL report of Conimittee X, pp. 12 andd7, and Committes X11, p. 27..
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part to the geometry of inversion, or reciprocal radii. The elements
of this subject may with profit be included in more college courses,
both because of the deeper insight into geometry .thus afforded and
for a better understanding of projective geometry itself.

The scope of the course in geometry is indicated by the fact that
it usually includes abridged notation, homogeneous coordinates, and
the principle of duality, as well as projection and collineation.
Some treatment of lines and planes in space, and the simpler prop-
erties of central quadrlcs generally find a place somewhere in the
program. In certain institutions with a strong department of
mathematics the sub]ects named above are scattered through so
many courses that it is impossible for a student to get a compre-
hensive view of®the clements of geometry unles¥ he specializes
heavily in this field. A-rearrangement of the offering in geometry
would here seem to be desirable.

Mechanics.—In mechanics the object is primarily to teach mechnn-
ics, not analytic geometrv and the calculus, though the course avails
itself adequately of both these aids. Statics includes the clements of

graphical statics: and in-dynamics not merely the motion of par-
ticles—oscillatory motion, motion in a circle. and motion in a resist-
ing medium—but the motion of a rigid body in two dimensiong is
treated. The conceptions of work and energy are developed from
the mathematical side and fully illustrated in their bearings on
physics. On the other hand, if the course is to be effective as an
introductory course in mechanics of the kind the physicist and the
engineer need, it is not feasible to go into the higher principles of
mechanics. These are treated in a second course, for which the
second course in the calculus is required. The value of such,a bromsf
introductory course as a part of the training of the physicist and

‘the engineer is now pretty generally recognized in the stronger

departments of physics and engineering—a marked contrast in the
case of the latter departments to the situation of two or three decades
ago (or even more receptly), when mechanics for the engineer usu-

ally mennt the strength of materials and graphical statics. But its .
value for the coMege student is still not recogmzoxl as generally as.

is desirable. It should find a place in more of aur col]eges‘
Algebre—While the theory of ‘equations, as given in the older
English textbooks, usually is included in the list, of courses—ef a
college or & technological school which is able to offer some of the
elective studies above named, algebra from a modern standpoint
can hardly be said as yet to have gained a foathold in our colleges.
“ Modern higher algebra ” means in this country, or has meant until
recen..y, the theory of the algebraic invariants of the group of linear

transformations, and as such is important for the geometer, but not for

v

1CL report of Commities XII, p. 87, =

.
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the physicist or the engineer. On the other hand, the theory of linear
dependence, with its application to simultaneous linear equations, and
- the elements of the theory of quadratic forms are important both
within and without the realm of pure mathématics. Moreover, the
"theory of polynomials, including résultants and discriminants and
the elements of the theory of polvnomials in several variables, not
only has varied applications in a broad field of mathematics but a
knowledge of this, as well as of the other algebraic subjects named
above, is essential for the teacher of mathematics, whether his work
lies in the college or.in the secondary school.’
When once secondary teachers are well trained in these subjects
iie_prob}em of teaching school algebra will present less difficulty.

-that the present ‘school colirse? will be seriously modified in con-

ent, but the teagher who is equipped with a wide knowledge of the

science of algebrai who has mastered the systematic and general treat-

ment of the problems that have their beginnings in school algebra,

and who has learngl to know the methods of algebra by actually

working with them in more advanced fields, will have a better ap-

preciation of the importance of algebra as a science and will teach

in this spiri{ in the secondary school instead of laboriously multiply-

ing so-called practical problems in the belief that such problems con-

stitute the sole justification for the teaching of algebra. Such prob-

~ _Jlems are unquestionably valuable and should continue to gccupy an

F important place in the teaching of the subject, but they &llld'not

be regarded as the one barrier that stands between algebraand its
abolition from the school program.

ADVANCED INSTRUCTION, ' '
. o ®
The beginnings of advanced instruction in inathematics in this
country go back to the middle of the past century, when a group of
young men togk up the study of mathematical astronomy in Cam-
bridge under Benjamin Peirte. At about this time, too, the Law-
rence Scientific School was founded as a department of Harvard
Cniversity and, under Louis Agassiz. Jeffries Wyman, and Asa
Gray, offered advanced instruction in science. It was also in these
, Years that provision was made at Yale for graduate students to
pursue their studies in special fields, including that of mathematics,
and somewhat later Willard Gibbs received an appointment at that
university.”~ . . o _
\ Not until the eighties, however, after the beginning of the period
of the enormous increase in the material prosperity of the country,
are any large successes to be recorded. _Three causes were at work
in introducing the study of advanced mathematics into this country,
namely: (1) Study abroed, (2) the foundation of Johns Hopking . -
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Unijversity, and (3) the elective system. How these causes operated
i#’ traced at the beginning of the repogt of the Committee on Gradu-

- ate Work.?

/

Aims and methods of advanced instruction.—The purpose of ad-
vanced instruction has been well defined as fourfold : *

1. To impart knowledge. .

I1. To develop power and individual initiative.

TII. To lead the student to express adequately and clearly what
he knows. ’

IV. To awaken the love of knowledge and to impart scholurly
ideals.

Probably the advanced instruction of this country is strongest at

the present time in meeting the first of these requirements. In o
number of the lg:lding departments of mathematies courses intro-
ductory to important fields have, in a long scries of vears, been
elaborated, which present in well-digested form a large body of ma-
terial? and the student is thus enabled at the-outset to make rapid
progress in acquiring knowledge. Ile is encouraged, moreover, to
present a paper at the mathematical club or in the seminary, some-
times in a course that he is taking. This work is done under the
giidance of the instructor, who thus has the opportunity of putting
the student on his own resources and bringing him to extract knowl-
edge from difficult sources—the original memoir or a monograph of
a former age.t It is here, too, that the training in clear and incisive
presentation, rightly insisted on in the reports that follow,® can be
given. Clear presentation must be preceded by clear thinking and if
the topic is well chosen by a careful weighing of valuts and the form-
ing of a true perspective, For the student of scientific talent such
work leads to the threshold or even into the realm of research, whilo
for the student whose usefulness will lie chiefly in the field of schoel
or college teaching it affords most valuable training.

From these facts it will be seen that the graduate student of the
present day, whose preliminary training at the time he enters on
work of university grade is set forth below,® is not compelled to go
abroad for an opportunity to learn advanced mathematics. Tt may
safely be said that, so far as the question of acquiring knowledge in
the chief fields of advanced mathematics is concerned, he will be
better off if he goes to a strong American university.. The arguments

1.Committee XII, pp. 6-10 and 21,

8 Report of Committee XIiI, p. 12, 2

@The instruction in these advauced courres, and to some extent in elementary courses,
{8 gliven by lectures, which, however, have little to do with a syatem suppored to exist
and Indefinitely described as ** the lecture system.” ~tlow the lnstruction s actually con-
ducted when leotares are used is ret forth in the report of Committee XII, pp. 13, 31,
and 32. ° .

¢ Report of Committee XI1I, p. B1.

s ibtd., pp. 17, 47, 51, and 52. . £
o1bid; p. 10, sec. 2. I
. » b
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in favor of foreign study are well set fortl in the report of the Com-
mittee on GGiraduate Work.! '

As a further aid to the attainment of the end described under-If
may be mentioned the use of problems in the advanced Tourses,?
While it is less casy in these conrses than in the elementary ones to

c find nymerous problems by whicli to test how far the student is assimi-
lating what he is receiving, an instructor who for a long series of
lectures finds himself giving out no proplems to be handed in the next -
day or in the near future (not at the end of the term) should seruti-
nize the reaction of llyv class to his instruetioy. -

It is pointed ont in ltho report of the Commttee on Graduate Werk
that in a number of | glm]u ite schools gradudte students are exempt .
from examinations fill just before they come up for a degree. If
examinations are framed in such a way as merely to test what the
student knows (or does n6t know ), shich a procedure can be explained
for graduate students of mathematics are, almost without exception,
v]nhr:nl(\n/,(‘(l by high ambition and a fixed purpose, and the faith-
fulness_of their work need not be tested iy frequent examinations,
But an examination, when properly conducted, is much more than a
mere test it contributes constructively to the instruction in the conrse
and thus hecomes an important aid to the graduate as well as to the

3 tndergradunte.
Aside from briefer tests which may be held at™any time as the

U2 8 L A e bl b sl IR el

4 course advances, there are three kinds of examinations in use in this
3 country—the written exainination, held under supervision at the
i close of each half year-und usually occupying three hours; tlie thesis;
!1 ~and the * long paper.”  The latter consists of a dozen to forty (or
[ even more) questions of sub-tantial character, usually distinetly more
° difficult. than the daily exercises, assighed toward the close of the
i . half year to be worked outside of the elass in a period of a few weeks.
3 The students are put,on their hongr not to get help from one another, P
% but they may consult books a 10ir leeture notes without restriction, .

FFor the purposé of developing power this system has few equals.?
Tu connection with this subject, the * quiz ™ should also be men-
- tioned.®

l(ommlllm- \ll Rgene rul |n|mr( pp. IR 20, xec. 0.
2 Collections of wuch problems have heen published from time to thne ln the Annula d]
Mathematies; cof. Bocher, Examples ln the Theory of Functions, Annals of Mathemutics,
24 wer., vol. 1 (1RDO- ﬂ)()()). p. 37 Douton. Problems in the Theory of Continuous (roupe,
ld., p. 03¢ Orgood, Uroblema In 1ofinite Kerler and Definlte "Integrals, with a Statement . *
of Certaln Condltlons which are Fundnmeaotal in the Theory of Definite lategrals, hid.,
2d wer., vol. 3 (1901-2), p. 120,
The Engiish textbooks, as Forayth, Theory of Functions, and Bromwich, Infinite Serles,
also contaln long Wsts of problems, which, however, could be rendered more effective by :
pruniog. B
t Report of (‘ommll(eé XII, pp. 32 and 50,
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On the other hand, it must not be inferred from what has ﬂ@:hsui‘d
ubove that the advanced student of scientific aMlity is kept i
strings throughout his whole univ ewty course. He usnally plans }:{ts
" work for the coming year in consultation with a professor with whom
he stands in close relations, and when he once has entered on a piece
of real investigation he hasthe utmost freedom in“the use to which
he will put his lecture courses. It often happens that he attends some
courses imerely as a hearer; in others he follows the treatment care-
fully, but does not make the final review that would be necessary if
he were held to the examination at the end of the course. For-it
must be remembered that the doctor’s degree is not based on a count
of courses, But on attainments in the main fields of mathematics and
on a thesis. : '
The highest of all the purposes named above, and the most diffienlt
to aMain, is the last: To awaken the love of knowledge and to impart
scholarly ideals. Our people afe not deficient in their innate love of
knowle ge, even in this age of the exploitation of playthings. Aside
ese things, however, we find widespread within the college, as «

e community, the doctnﬂe of intellectual socinlism—a desire to

le only those things by which one can minister immediately to the

needs of the many. Devotion to seience is looked on as selfish in an
age marked at once by selfishness and a quickened conscience. ‘tle
wonder that with the law and business on the one side, and the Meal
immediate social service on the other, the interests of productive

scholarship fare ill.

The general report of the Committee on Graduate Work ! has done
well to signalize two needs of the present day—intelligent idenlisin
and high scientific standards. To ppssess these things as a guide of
life, to have the intellectual gifts that are necessary for achievement,
and to interpret thesa things to the student by sympathetic interest in

* his work and faith in the possibility of his attaining to the larger
achievement which pemstent and intelligently directed eﬁ‘ortrs assure
to qne of good ability, is to be a great teacher.

It is fitting that in, a report on the recent history of mathematics in
the United States the debt which this country owed to Gt\rmany be
gratefully acknowledged. At a time when there was not n§{1 impor- %
tant mathematical center on this continent, Americans were attendmg
lectures and working in the seminaries of the Baders of the science in
Germany. The ideal of scholarly achieventent was manifested in the
lives of these men, and the university atmosphere was filled with the
traditions of the great men whose life work—sometimes hardly ‘
closed—had changed thesface of mathematics. To these Americans,
as to their German Kommilitonen, the doors of tl}e Seminar were

=
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.1 Committee X1I, pp. 13 and 18. ‘ !
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thrown wide open, and not a small part of the influence under which
these men game is to be found in the zeal with which intellectually
strong men among the German students laid hold #f the oppor-
tunities which the whole German system offered. * Here, indeed, the
conditions were favorable for stimulaNng the love of knowledge and
imparting scholurly eals.

! -

THE UNIVERSITIES OF THE UNITED STATES.

The tern “university " is used in this country in two distinct
senses. It is applied to the higher institutions of learning, which -
comprise the four faculties, and the stronger ones of which rank with®
the universities of Europe, Tt has also been appropriated by smiter
mstitutions, some of which do not even rank with the better colleges. -
‘Between these' two extrenfes lie many of the State universities; for
while some of these, like Wisconsin and California, belong distinctly
to the former class,! there are others whose department of mathe-
" maties does not number on its staff a smgle mathematician of scien-
tific stnmlmg, nor is it engaged in gfhng advanced graduate
instruction:
. Among the strongest institutions are to be- found certain of ~the
.endowed. universities, some of which grew out of the colonial col-
: leges,? while others, of more rccent origin, began with graduate de-
partments.®
; The oldér colleges of the country were founded by prigte in-
! dividuals or religions bodies, and were originally to a greater or less
: extent. denominational. They are under the control of, self-per-
])etnntum.lxmds of trustees. The State universities hfive been
<ted by the Sate legislatures, sometimes with the help of land
unts from the National Governguent, and are under the control
- f trustees or regents chosen by’ Qtt&e authority. There is no central
rganization or control, custom alone mnklng the policies of dlf-
erent institutions fairly uniform.

PR N P

AT,

Over 30 colleges and universities in the United States offer graduate work
fu mathematics, but less than 15 have given a doctor’s degree-in that subject
within the Ilast, five yenrs. .The following ofter courses of an advanced
character nd report three or more gradua®’ students for the year 1908-0:
llrvn Mawr, Cnlltoruln Chiengo, Cincinpati, Clark, Colorado, €olumbia, Cor-

neit, Iarvard; Illinols, Iudiana, Iowa., Johns Hopkins, Michigan, Missour!,

Nebraska, Northwestern, Pennsylvania, Princeton, Lelnnd Stanford, Syracuse,

i . \lrglnln Wiscounsin, Yule.* . ~

LI

1 The State universities do mot comprise all four flcultlec Their strength lies chleﬁy K

fn thetr depnrtmentu of sctence. =
t1larvard College was founded in 1636, Yale In 1701, I"rlnceton ln 1746, and Coluﬂhll

1n 1754,

* *Johns llopkins, opened for dnstmctmn tn 1876, and Clark Unlverslty. opened

instruction in 1889, had originally only graduate departments. Chicago, opened for® S

Iostruction in*1892, had from the start both a graduate And an undormdunto department.
‘Report of Committee xn, p. 20, E B
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In recent years a number of Western States have made appro-
priations increasing in a gratifying manner the budget of their
State nniversities. One result of this change has been to strengthen
scientifically the departments of instruction and in particular to
make possible the oﬁ'ering of advanced work in mathematics. And
‘what has happened in one State may at any tim¢ happen in another
in which civic ideals have reached the necessary stage of develop-
ment. 5

It would be a mistake. however, to think that the lines of demarca- i
tion fall between the endowed and the State univérsities. If it be
{rue that the strongest-universities of the country are in the former
class, some of those of the latter now rank among the foremost
universities -of the country, and with their increasing resources bid
fair, in case théy can emanupate themselves from the evils of
political influence, to rival even The strongest endowed institutions.

The teaching force—With the introduction of the elective system
came the opportunity for professors, even in the smaller co]legm, to
offer some advanced work in mathematics. The result has been
to create a demand for men bctter tramed in their science, and thus
the quality of undergradunte teachjng has been infproved. In the
larger universities the question sfon arose as to the desitability of

, dividing the force so_ghat somg/inen would have only undergmdunte
work and others mve exclusively graduate courses, While
such a division has, in a few cases, been made, the great jority
of men in charge of the advanced instruction also give coprses for
undergraduates.! The economic side of the situntion need not be

- discussed here, since it is fairly obvious. It is, however, important

%" to note that the system is one under which effective instruction both
in advanced college courses and-in courses of graduate grade has,
been. developed for the instructor in an advanced course becomes
and remains sensible of the needs and the posqlln]ltles of his students.
It is true that some men with n keen interest jn advanced work’
find undergraduate Instruction irksome; others, however,.find that
it affords a desirable variety in their work, and they value the
wider acquaintance among the students which is thus rendered pos-
gible. . The chi#f difficulty with the present system is-in the unduly
lnrge number of hours per week which th pmfessor is called on to -

nysaas gl oty
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o give to classroom. instruction, and in thé administrative work with
which he is burdened. We, shall return to these subjects presently
While some of the weaker institutions offer elective courses in
mathematics far beyond the strength of thewstaff? the inflation tends
| to subside with a rea] strengthening of the department:* Moreover,
f S Ct.vreport ot Committee XI1, pp. 22 and 42.
e ° 8 Report of Commlittee XII, p. 27.
“ L *Ibie, pp. 13 and 14
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through the system of alternation in the courses given, an)‘stmc-
tor offering different advanced courses in successive years, a broad

_ field is covered even when the stafl is small. S

About half the instructors in charge of the advanced instruction
have studied abroad, chiefly in Germany.! Of the main ficlds of
mathematics, analysis is more strongly represented than geometry,
algebra, or applied mathematics. Indeed, a strengthening of the
latter field is muchyto be desired. DBut a premeditated sopnmtion
of pure from npphed mathematics has not takén place, and there is
apparent a well- balanced offering of courses in the principal fields,
so far as this is po&ﬂale.’

- With the great increase of recent decades in the number of students
atten(lmg the colleges and other institutions of like grade, there have
arisen new administrative problems. In the absence of uny central
‘organization and with (;on(lltmns varying widely in different parts
of tlie conntry, each institution has been obliged to work out its own
solution. The work of the dean and of faculty committees dealing
with such questigns often falls to men who have proven themselves to
be efficient tenc[%{:s Moreover, with the large amount of personal

gupervision of the students common in American colloges. the labor .

of administration in departments of mathematics numbering several
hundred studénts is very great. Such administrative duties have
seriously interfered with thi%wntlﬁc work of Amfrican professors,
and have not infrequently made it impossible for them to find schol-
arly leisure for the enjoyment of their subject, without which the
best tonching can not thrive.

o If this is bad at the top of the ladder, it ix even worse at the bottom.
Many a young man fresh from his university studies begins his
teaching carcer with an exorbitant wmimber of classroom hours -per

week, only to find that the prize of advancement.in the institution at .

which he is located is more easily won by the development of adinin-
istrative capnmt\ than by the productlon of scientific papers of real
value. It is true that these strictures do™not uppl\ to the strongest
departments of mathematics in the country. As is pointed out else-
where, the demand for first-rate wmen is too keen and thessupply too
restricted for it to seemn best to these departments to pnt voung men

weak institutions there is a wide belt of colleges. tedmologmal
schools, gnd universities,”in which such practices nre common, On
thesother hand, it is not enough to develop only the exceptional men.
There must be a large constituency of. men of good ability whose
environment is such that they can develop the powers whiclf nature
and ‘a good university training have given them. The intetests of

3 Report of Committee XIf, p. 2. tIbid., p. 20.

of promise to such uses. But between the really %(rong and the very -
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true scholarship demand that the energies of these men should be
conserved for teaching and so far as may be for research. The two
things go hand in hand. The teacher who once comes to feel that he
has his courses in final form, from that time 6n declines in the quality
of his instructions It is only through the inner satisfaction that
comes from learning more of his science and if possible contributing
something to its progress that he can keep his instruction fresh and—<
virile, and give to his work in the classroom the zest- that kindles _
a love for kaow ledge in the breasts of his students.!

+ THE MAB'I'ERS AND THE DOCTUR'S DEGREE. g

The requirements for the mastef’s degree almost universally con-
sist in at least one year’s work bevond a bgchelor’s degree granted
by an institution of good standing. The work must be largely in one
Tield, as, for example, in mathematics. But even as mych as one-half
may lie in a field more or less closely related, as, for example, physics,
engineering, astronomy, or edmahon when mathematics forms the

chief field. The work is tested by exuminntions, and a higher stand- ™~

ard must be attained than is ordinarily required of candidates for
the bachelor’s degree. A thesis is often required, but it is not ex--
pected that the thesis shall embody research by the candidate?
Graduates of the weaker institutions of collegiate grade are freely
admitted to enrollment in the graduate schools of the leading umi-
versities. But they are required to make up specific deficiencies, or
otherwise to do additional” work, before an advanced degree is
conferred.

In 1904 a committee reported to the Chicago section of the Ameri-
canp Mathematical Society on the requirements for the master's de-
gree, with especial reference to conditions in western institutions.
Their findings are summanzed in the report of the (‘ommlttee on

. Graduate Work.?

For the doctor’s degree a dlstmctlv higher-standard 1is reqmred
and enforced. In all American universities of pood standing it is
distinctly a research degree. In sev eral of the strongeMuniversities it
has a standard at least as high as the best German standard. * The
requirements for the doctor’s degree in universitics which have given
it to any extent, during the last 10 years are tolerably umform,‘ but
in this matter so much depends on the unwritten standards of indi-
vidual professors or departments that there still remains a great

1 Ct. report of Committee X1, p. 55. 0 T

s 1bid, pp. 14, 33, 84. The master's degree 18 also conh-rred aR an honorary degree
under wholly different conditions. It is ouly the degree np ‘conferréd * In course " which
is here considered.

8 Committee XII, p. 34.

act report of Committee X}1, subcommittee 2, p. 86,
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difference in the ease with which the degree can be obtained at dif-
ferent institutions. It is for this reason that the suggestion which

A is sometignes made that it would be well to attempt to formulate

1 ' definite standards for the doctor's degree, to which the -universities

of the country should conformi, seems to be of slight practical value.”?

It is-fair to say that the requirements for the doctor’s degree in

: mathematics in the stronger universities are: A bachelor degree, the

ability to read French and German,? the equivalent of three years’

study in the field of advanced mathematics, certain requirements of

“minors,” and a thesis of substantial quality, embodying the results

of the candidate's research. The publication of the thesis is obliga-

. tory in wost universities. v

The time for effective study—We use the word “ effective ” with
refevence to both material and intellectual results.  The appointing
powers in our institutions of higher learning are well aware that a
large part of, the instruction is given by young men on small salaries.
Except in the case of extraordinary success as an investigator or as
a teacher, men who have reached the thirties are not called to other

. institptions. The reason is in part economic, lying in the fact above
referred to.” If in institution ix later to pay the increased salary of
an advanced appointment, it wishes in a measure to recoup itself by
also getting the services of the tencher at a time when these are less
expensive. Ilence it is in the material interest of the teacher to com-

. plete his university studies without interruption immediately after
his college course, in order that he may find early the institution in

which he is to be advanced. c _

Fortunately the material and the intellectual interests of the teacher
are not in conflict at this point, for it ix a fact that can not be too
widely proclaimed that it is only in youth * that the successful study
of mathematics with reference to scientifie productiveness can be
begun. ' The teacher of 30 who hus not as yet carried his study of
mathematics beyoud the college courses can, it is true, acquire useful
knowledge and greatly improve his efficiency as a teacher by & year
or two of graduate study spent at a mathematical center. -But the
“dnys w¥n it was still possible for him to prepare himself to con-
_tribute to the science have passed. Hence every effort should.be
made by those who advise young men of distinct scientific promise
to guard them against the danget of letting the early years slip by in
teaching. : . A
How little the youth of to-day realize these facts is-clearly brought
out by statistics given in theé report of Committee XII.* By far
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1Ct, report of Committee X1I, p. 14. 3ibid., pp. 11 and BS5.
3 ltallan may also be necessary.. ¢ 1bid., pp. 26, 26.
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the greater number of the students who are doing advanced work in
mathematics are supporting themselves wholly or in part by teaching.
At a time when they should be devoting all their energles to securing
for themselves the highest place among the future men of science
which their native ability enables them to attain they sell their birth-
right for a mess of pottage. Inspired by the best of motives—the
desire, now that they have arrived at the vears of manhood, no longer
. to be a pecuniary burden to their puron(q, who often have m.u]v great
~sacrifices to put them through college—they are ignorant of the fact
thnt the opportunity which nature offers them will soon be with-
drawn if not at once Inid hold on and exploited to the ntmost.  They
“ see about them men who have risen to the highest college or university
‘positions, but who have noav, perhaps long since, ceased to do scien-
tific work. If these men lm\o still retained something of their youth-,
ful ideals pertaining to productive scholarship, they tell themselves
and others that administrative or classroom duties prevent them from
contmumg in scientific work. That they could resume such work
again at will i~ taken for granted. and thus youth is still further
misinformed regarding the facts of nature. .

The career of learning and advanced instructiow—In foreign coun-
tries the career of college or university prof(*ssor attracts the best
youth of tle nation. In England, in France, _in Germany. no calling
is more honorable and dignificd nor does any more srongly incite the
intellectually endbwed to put forth their best efforts to secure its prizes,
and to undergo if need be years of niaterial privation in qualifving for
the supreme test—that of scientific achievement.  Among our people
the prizes of this calling are not clearly discerned.  We have no word
that describes the career; for ml.lq]a or university teacher suggests
to the lnyman the nnrturo of immature minds, not.ghe pursuit of |
knowledge and the rewards of discovery, close personal relations with
gifted youths, and the fellowship of educated men. Moreover, the -
freedom of life which the college or university professor enjoys—the
opportunity to do those things which are pleasantest to a man of
strong intellectual life and warm <vmpnthm, with a minimum of
drudgery—is mot generally recognized in the commumtv at large.

-And so we must record the fact that in the United States the lnw,
engineering, and business are powerful competitors when the™ young
man comes to choose his profession. “The tendency so strong in
our day and- conntr) to regurd the man of action ‘as being of nobler

. clay than thé man of thought and idens, reenforced by the much
greater financial prizes open to the former, whether he be lnwyer,
busipess man, or eﬁgmeer, creates a situation where it is—+0t.easy to.
secure for mathematical study a due proportion of the strongest
yauth in our college communities.” *

kv . © 1Report of Committee X11, p. 12 i
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HIGHER INS’I’ITUTIONS OF LEARBNING.

APPOINTMENTS AND DEGREES.

We have said much that pertains to the training of teachers. We
wish now to address u word to those who have to do with the appoint-

. ‘ment of teachers,

At the time that the moderh 'mov\emex_lt, in mathematics set in,
three decades ngo, many of the men who became leaders had at the
close of their student days attained the degree of doctor of philoso-
phy. Tt was natural.that, as the moyement spread, those institutions
which wished to strengthen their departments of mathematics should
look to men of sound scientific training und interest in research. And
so # easily came about that the doctor’s degree whs accepted as
standing for these things, and in some institntions it has been made a
requirement for appointment or advancement. It is. indeed, highly
desitable that the departments of mathematics be manned by mathe-
maticians who “ave thoroughly trained, are good teachers, and are
actively interested in research.  The fact confronts us, however, that
while there is o small steady output of first-rate mathematicians, the
supply of such men is far behind the deaand for them. If many
times the number of men who now enter on the profession of aca-
demic instructor were to choose this field, it would” still be possible
for the capable yvouth to achieve siccess.

The result is that many defrtments of mathematics, while exert-
ing themselves to secure men of first-rate scientific” ability,*find it
impossible to make the appointments they wish.  To justify the
appointments they do make, the holding of the doctor’s degree by

. + B o & :
_“the eandulate goes a long way. Now, it is desirable that every

student enrolled at a university that has a strong department -of
mathematics be given” opportunity and encouragement to put forth

his best energies in the attempt to do original work, and that he be*
not discournged: if he does not at once meet with success. ¢ The .

present  sharp differentiation of college mathematicians into two
* classes, the holders of the master’s and of the doctor’s degrees, is
' in many ways a most unfortunate one. Many men have stopped
with the former who are eapable of proceeding much further. The
commit tee- wishes to record its emphatic belief that every man should
be encouraged to study just as far as his ability and taste may
qualify him; without stopping at the line of either degree.- Many
a teacher without the kind of ability necessary for research can. yet
be encouraged to become a thorough schoiar in some definite line,
instead of looking to administrative office as his career.”t :

This is the nim which the departments of mathematics in the fie
of graduate work should have héfore them—to give to each student

-

.‘i ' ~ 1 Report of Commlttee XI1, p. 5G.
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capacity to do. It is also their duty to help him discover what that
work is; and in case, on fair tricl, it becomes clear that he is not
qualified for the work of research, to cedse to help him to obtain the
doctor’s degree. The great stress, however, which the appointing
powers in some colleges and technological schools lay on the holding
of the doetor’s degree is subversive of the best interests of the future
teacher. It has dlready led to the fostering of spurious research and

set false idedls before men who might otherwise have becom%yeﬁ'ective'

teachers.! Nor can it be defended on the ground of difficulty in get-
ting information regarding students available for appointment. A
personal letter of inquiry stating what sort of upgointment it is
desired to make and addressed to the head or to a member of the
department of mathematics at a leading university—i number of
universities maintain a Bureau of Appointments for the purpose of
dealing systematically with such inquiries—brings out a frank an-

swer, for it is recognized that no one’s interests are served when a’

candidate is appointed to a position which he is not qualified to fill.
In the case of the master's degree there exists a siwilar pressure
from the schools.? This degree, as conferred by the stronger insti-

tutiens, tas a fairly definite meaning. It does not stand for research, -

but it means proficiency in mathematies distinctly beyond the first
course in the calculus, and it often is given on the basis of really ad-
vanced work performed with high credit. But it may well happen
that a graduate student—for example, a school-tracher on leave of
.absence—can profit more from a year of study made up in part by
* broad undergraduate elective coursaes, such as those described on page
45, and including a course in physics or education. To make the
program conform to the requirements for the master's degree, the
student must sacrifice a course adapted to his needs for one which
it is beyond his powers to do profitably, or the standard of the degree
must be lowered. Both alternatives are unfortunate alike for the

student, the university, and the future employers of the teacher. The

professor who advises the student regarding his choice of courses has
« in view the program of study from which the student can profit most,

and it is unfortunate when this program is seriously disturbed for"

the sake merely of obtaining a degree.
It fs {elt by some that the instruction in our graduate departments
is fashioned too much with reference to the needs of those students
who are to devote themselves to research and too little with reference
to the needs of prospective teachers.! Both classes of students meet
- on the common ground of the courses of the middle group—under-
graduate electives and first-year graduate courses. ‘It is important

7 1 Report of Committee X11, pp. 16, 17. ~ *1bld, p. 82. 11bid, Pe.b4.
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that these courses be both broad and deep. There is no tendency to’

i go to the extreme of making them superficial, merely surveys of
the field ; but specialization both in content and mode of treatment
should be guarded against in the interests of both classes of students,
especially those who will not pursue the study of mathematics at the
university much further.

. For the teachers in secondary schools and the smaller colleges much
_can be done through the summer schools.” As yet, with few excep-

tions, the mathematics offered in the summer schools is of elementary

’ character, often consisting merely of the subject matter of the school

«~ . course. On the other hand, when professors of mathematics plan a
courwe for school-teachers they "are often tempted to turn to the -
fonnul side—the axioms and philosophical questions. What is
neuded lowever, is courses of substantial mathematical content, like
the underg.,_rrudunte electives described above, for without a thorough
knowledge of the %ubject matter of mathematics teachers can not
guin resl power to improve their teaching. .

While th¥se are primarily questions for the department of mathe-
matics offering the courses, so much depends for the efficiency of the
future teacher on the policy of that department that the appointing
powers will do well to cooperate with it in its efforts to secura fop”
each individual student the course of study best adapted to his needs.
Thev can do this by basing their judgment of the training of the
candidate on his course of study and- his success in the course as
attested by. the men with whom he has worked, and not looking
merely at the degree obtained. While they can not, as a rule, go into
the subjects in detail which have made up the course, they can ascer-
tain the quality of the candidate as regards his ambition and his
ideals, his industry and perseverance, -the degree of his advance-

' ment and his success in scientific work, and the direction in which"

s greatest strength lies,

The above procedure is followed at the prewnt ‘time by the larger,
colleges, teclinological schools, and universities. If may well be
adopted by any institution which_igghle to oﬂ'or a position that a
well-trained candidate will consider.

CONCLUSION.

«

Among the more important conclusions to be drawn from the
foregoing report on mathematics in the higher institutions of learn-
ing, and the/COmmittee reports on which it is based, are the fol- 3

. lowing: ¢ .
. The teaching of mathematics in the colleges and other institutions =~ |
of like grade shows progress, and the departments of mathematics . 1
in these institutions have their problems well in hand, ° ‘
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" . ever, in amount far short of what one shoyld expect to find in
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There is increasing confidence and a spirit of cooperation between
-the departments of mathematics and those of applied science as
regards undergraduate instruction.

For the continuance of progress in lmprovmg undergmduate
teaching a much ]nrger supply of well-trained men for the college

staff in mathematics is needed.

Tt is in the interest of good teaching that professors be not over-
burdened either with administrative work or Wwith classroom bours.
Moreover, improvement in these directions will make the career of
college professor more attractive and thus more men of the right
type will turn to this. career.

Advanced instruction, ns given in formal courses and seminaries,
-is broad and thorough.

A few of the strongest depurtment% of mnthemutlos offer oppor-
tunities for research comparable with those of Iunropeun’um\ersme%.
Both the offering and the demand for such opportunities fall, how-

America.

There is, nevertheless, at the present time an opportunity for
young men of first-rate scientific ability and aggressive scholarship
to find in the university career a life work full of things that make
for happiness—the en]oyment of productfxe intellectual activity and
stimulating association with colleagues.

That young men of this type are beginning to respond to the more
favorable conditions of recent years in the strongest universities is
shown by the dppointments made at these universities and by the
output of high-grade scientific papers published in the leading
mathematical journals, notably in the Transactions of the American
Mathematical Society, during the past decade.
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<"  APPENDIX.

HISTORICAL SUMMARY OF THE WORK OF THE INTERNATIONWAL
COMMISSION.’

ORGANIZATION, a2~ 1 -.
The rection on philosophy, history, and iustruction of the Fourth Inter-
national: Congress of Mathematicling, held at Rome, April 6 to 11,71908, after
listening to a series of reports on the teaching of mathematics in the prin-
cipal comntries, decided to submit to the congress a resolution to crente An
" international commission to muake a general study of the progress of mathe-
matgical [nstruction In the various nations., The suggestion was indorsed by
the congress, which at the mgeting of April 11 adopted the following resolu-
tion : .
. ¢ The congress recognizing the Importance of a ‘comparative examination
of the methods and plans of study of the instruetion in mathematics in the
secondary schools of the different nations, etipowers Messrs  Kleln, Greenbill. .
and PFebr to- form ay interuntional commission to study these questlons and
present n general report to the next congress.”! }
A central committee was later organized as foliows: President, Professor
F. Klein, Gittingen; vice president, Professor Sir George (}roonbi'll. London ;
general secretary, Professor H. Fehr, Geneva. .
The committee begnn work immediately. and at & meeting held at Cologn
in September, 1908, adopted n preliminary report on the organization of {he
commission’ and the genernl scope of its work. )

THE DELEGATIONS.

.

"The commission was formed by delegates?® representing the countries whi(}
had faken part In at least two of the internatlonal congresses of mathematl-
cians with an average of at leaat 2 members. It was arranged that each of
these countries should have at leaxt 1 delegnte, and that those countries which
had bad an average of at lenst 10 members should have 2 or 3 delegates.

The different delegations were invited to affiliate with themselves national
rubcommissions comprising representatives of the various stages in the tench-
ing of mathematics in the general schools, and alro in the technical and pro-
tessional schools. These subcommissions weré designed to all the delegates

! The next congress will be held at Cambridge, England, 1o August, 1912,

t In the English language 8 member of & commisaton I8 called a Qommluloner. and the
American members of this commission have so atyled themselves, In French similar
usage doef not obtain, the French word commisstonaire ha ite a différent me&p-
ing. Therefore in L'Enscignement Mathématiguc, the oMcfal ofgan of the commission,
the membersmslthough not delegated by thelr several couffries, but appointed by the
central committee, are called—foute Je micua—déléghis, :

fae
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“ .
in the elaboration of the reports, and in the United States they became the
*  committees dnd subeommittees ghnt furnished reports upon specific subjectr,

B FINANCIAL MATTERS.

A8 the Fourth International Congress did not turnish any funds, the Govern-
ments of the participating countries were invited to place at the disposition of
thelir (jelegmions a sum sufficient to cover the expenses of the delegations and
of the national snbcommissions and to contribute to the general expenses of
th commission. : -

To provide for the genernl expenses of the ci‘%’mulss&l(m (tneinding fotahly
expenses of the general secretary and the central committee). ¢ fund was
formed by contribufions from oucb' of the partictpating countrice. In the
United States there was no fund upon which the Bureau of Lducation could
draw for such an investigntion, and so the work has necessarily béen earried
on under great diffienities, Had it not been for the Fenegous support of a few
publlc-s]ﬂrlted men and Institutiong, it would have been ‘hn]mssihle to accom-
plish anything worthy of the country, but hy meats of this support n series of
bulleting hins been prepared. retting forth the work that is doue in our schools:
0Of the efforts of all those who have come to.thie support of the movenent, the
commissioners wish to express in thig public manner their stycere appreciation.

. PUBLICATION OF REPORTS.
®

The question of the pulliention of the varions Ameriean reports was happlly

. settled through the cordial cooperation of the Unlted States Burenn of Faluca-

tion, Through the encouragewment and rupport of ex-Commissioner Elmer Elig.

worth Brown, I.1. D., now the chancellor of New York University, and of his

successor, Commissloner Philinder . Claxton, Litt. D., it bas heen possible to

publish the reports through the burenu and to distribute them gratis to aill
. who cared to nsk for them. 0

The commission has arranged with Georg & Co., of Genevi.! to 8ell most of
the forelgn reports. Coples of the reports of the Amerlean commission may be
obtained from the Barean of Education, Washinglon. -

Besides this publication of the reports, n sumiary of the progress of the
work bas been given from time to time in the officinl Amerlean organ, Nehool
Science and Mathematics, in the ofticlal organ of the commission, L'Enscigne-
ment Mathématique, and in other journals.

GENERAL A.IM OF THE COMMIRSION:

The general alm of the comndssion wns formulated by the central committee
as follows: ot

To make an (nvcmaatfbn and pubdlish a general report on the prgsent tend-
encies of the teaching of mathematics in the various counltrica,

It was decided that regard should be pald uot only to the metbods of in-
struction and course of studies, but algo to the general scheme (orgnnization)
of studies, without, however, giving a complete histotical development of the
same. [t was agreed that 1t was not the purpose of the commlssion to elnbo-
rate statistics. It.was wrged that the work of the commission ought to make
evident what are-the general principies which should inspire the teacher, rather
than to seek uniformity of detalls or to proposeé programs which shouid be -
adapted at the same time to the inetitutjons of the various couatries.

.

1 Address Georg et Cle., Editeurs, 10 Corraterle, Gendva, Switseriand.
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APPENDIX—HISTORICAL SUMMARY.

ORGANIZATION OF WORK.

In order that the !Invegtigation sbould achleve results really useful to the
progress ol instruction, the central committee expressed the desire that all the
delegates and thelr natlonal subcommlgsions collaborate nctively and devotedly.
The committee suggested that the principal polnts of the varlous reports be
discussed at educational gatherings and in sclent!fic societies that are inter-
ested In the progress of the teaching of mathematics.

Adtbough the text of the resolution of the congress at Rome mentioned only
the teaching of mathematics in secondary schools, it was seen that the alm of
these schoolg and the length of thelr courses vary g0 much in different countries
that 1t was necessary to extend the work to include the whole fleld of mathe-
matical tesnching from the lowest stages to the highest. It was therefore
decided that the commission should not confine itself to the institutions leading
to the university. but should"study.ulso the teaching of mathematics in
technical and professionai schools. Because: of the growlng Importance of
these schools and of the new requirements which are continually made on
mathematical Instruction, it was feit to be necessary to accord a large place
to applied mathematics. . *

*
GENERAL PLAN OF THE WORK.

The central committee lalld out a general plnn:for the work In the various
countries, and this has been followed in spirit, if not in detail, by all who have
taken part in the work.

The plan coutemplated not only the consideration of the present state of the
organization and the methods of mathematical instruction, but also the modern
tendencies in the teaching of mathematics, =

'Undgr the present state of the work it was proposed first to consider the
varlous types of schools, giving a concise exposition of the various public insti-
tutlons of lenrning in which mathematlcat instruction is given and the aim of
each school, including schools for girls as well as for boys.

The institutions were distributed according to the following classification :

(a) Primary schools, lower and higher.

(d) Middie schools or higher secondary.(lycées, gymnasien. realschulen, etc.).

(c) Middle professionai scy)ols (technica, ete.). :

{d) Normal schools of the varlous grades (seminaries for teachers, colleges
for teachers, etc.). . ’

(e) Higher institutions (universities and technical schools).

It was thought desirable that this exposition should be accompanled by &’

schematic table giving a general vlew and mnking evldéht the succession and
correspondence between the diverse establisbments and indicating* also the
average age of the students. X i :

Theé commifteaproposed next to consider the alm of the mathematlcal In-
struction in general and in the various brunct:z‘aof the science. It was sug-
gested that the question be studied for the varfous types of fustitytiong, taking

into account, whenever necessary, applied ﬁnathemntics, notadbly mechanics. -

The feeling was -expressed that the aim _of mathematical instruction varies
necessarily In different institutions, and t,ht‘: it has undergone some transforma-
tion in the course of the lagt decade. It may be purely formal, or formal but
taking account of intuition’; it may also lay stress on logical development and
the utilitarian side simultanequely; or {¥ may regard only the practical. On
the other hgnd, the developmeht of ,the memory may be the principal aim, or
contrariwise the development of the mathematical faculties. ’
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It was also suggested (hat there Le clear statements of {he branch @ of
mathematics taught in the differeut typed of schools: the time slloted to these
brunches, the extent of the progrum. and the attentton puid to covrelntion be-
tween ‘these branches nnd npplied mathematices (fneluding mechanies) and

physles . ‘. *
" In recognition of the faet thut the system of examinatlons has s grent in- |

"fluence on the method of instroction, the sgzestign was maude that the charae- 1
teristicn of the examinatlons in ench c:nl(‘gnr_‘_\'j schools sould be concisely 3

lndl('n(ell particularly of those 1("-nlhu: to “certHicates b ity to -
- grees,'” otes, and that attentlon be glven to the ex .nninnlhnn\ of candidatey for
teaching, . ° 4 o
Under the topie of nu\lhmlu the » c-\(-rn‘mlmr ies were asked to report upon
the methods used, iy the virions nstitutlons, from the primary sehools to the
bigher In&titntions; the material of listroetion, lie Tiding s thennticil tionlels;
the use of ummmlﬂ texthooks and collections of problems: thetwiture of the
theoreticnl pwlvlvnm. Uie pldhl(-nw tuken froni the applicd selences; And the
prictical \\urk demnnded of puplh 0
A Feport \\:w wko asked Tor 1pon the qmwllun of the preparation of candl-

k3

dates for tenching, includin®in the Hseussion the diverse (ypes of selioals, and
< the requirements demanded by the school authorities with regard (o lmlh the
theoretical ‘nnd the professional preparation. ,

The sccond part of the Investimation, that Living to do with the wmolernm
tendencies in the tenching of mathematies, the central (-m‘nlnw\ \ug"v\lwl
be condneted on substanthialty the rnllm\inz otk
+ Rectlon I. Modern Leeas € ‘opeerning Scehool (nx.'uniz.ninn —-R('fnllll\ in studies,
New typex of scliooln,  'Uhe question sf cocduention uf the two se)

Section 1T, Modern Tendencles ¢ oncvrning the Alm of lnsnmtmn nml of the
Rranches of Stmlds, i a .

At of Instructlon.—New branchies or new cliapters to substitnte for useless
toples of study in the course, or those of secondiry interest, hut rvlulnul’h_\'
pure traditton or by routlne, *

i Consldering the raptd progress of mathematics and IW applications ghescon-
misslon proposes to take up anew the question, What are the brunches of (liis -
sclence that ure nble to contribute most to weneral culture?  Among the sub-

" Jeets which sire now seeking a phice In the elementary prograns way be men-
tloned, on the one hand, the differentinl aud lntegral caleulus, anntytic geometry,
certain notions of deseriptive and projective geometry, and a *study M physies -
frol the mnthematical point® of view, .

It will'be mseful for the tnvestigntion to pxamine tn whnt measure ncconut
mpay be tuken of there demnnnds and that it establish what s Jhe NeCeRRi LY
minimun of elementury geometry, d('wrlptl\v and |noh~otl\o gomuetry, nlp:vhru
trlgonometry and anniytic ;..mmetr\ the differential and Integeal cnleulhs, to !

form a fouhidirtion for subsequent studlen, : i

The same qumhnn arisres for professlonal achoolx, \\'hul are the branchies
useful for the gdifferent cnrcers?

Sectlon 1I1. hxnmlnntlons —Projects’ for the trnnﬁfornmtlun of the system ot ;
examinatlons or for ‘thelr conmlotv au]»presslon o 4

Sectlon IV, The Methods of Tenching.—Modern ldggs cqneerning metbods
at different stages of inatructlon and in different types of achools. Correlntion
among mathematical branches, Relatlon between mathematics and other 1
branches. Problems and pructlcal appllcntlons models and instruments. The
uee of manuals, L ¥

On Certain Points of this Bection. 1. Since ’the perlod of Pesmlozzl.
psychological considerations have played an important role in primary educa-
tion &M for a generation they have been ugeful, In a certain weggure, in ‘the
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formation of programs for secyndary schools. It would be well to examine
whitt are the results of psychology applieable to the teacling of wathematics,
and to what degree they are useful in the refurm of this teaching. It fs
advisable to exuaming particularly the role of the nitintory instruction and the
necessity that theoretical jusiruction be preceded by iatuitive jnstruction.

At what momel!t. on the coutrary, should uprely logical considerations take © =
the preponderance, for example, In the study of elementary geowetry or in
differential and integral ealculus? ' '

2. The I'ryetienl Applientions—>Many schionks have devoted long discussiung

. to the part wWhich should he axssigned to cousiderations of practical aml exper{.

nmiental nature, ’ X

() Tu elementary instruction may he n'mhior:ed. for exnmple, paper fulding,
outdeor wark, use of glmple instruments of weasuring, observational geometry,
ete.: practical ealenlating and approximations ‘(degree of approximation, log-
arithms to different numbers of pluces, use of the slide rule, ete.) ; the gedern!

2 question of fraphs fu nlgebra, the wore extensive use of cross-section paper,

th) The question of matheninticnl Inboratories has been agitnted during the’
last few years. What has been doue in this watter and whit ‘are the results,
Mathematicnl models made by the pupidss The place of collections of models.

What are the weaus which will permig mathenatics to be necorded a better
plaee in popular fpstruction &mlvor_slty extenglon). Ilace of .applicl mayhbe
maties in musewns.,  Mathemntical ,reEmatlona ; '

In general, the, means. of reacting fgainst the popular prejudices aginst
mathematles should he constdered. ' -

3. Correlatiou Aweng.the Differeut Matbematicn) Briuches—It will be useful
to examine in what wmeasure the couventional limits which exist between cer
tzin subjeets of purt: mathematies, sneh as glgebra and geometry, clementacy
angd analytic geometry, and geometry and trigonor Y, iy be madé to dis-
ippenr. Not enly the possibility of such reform shauld be investimted, but
regagd should glso be pald to the incouvenlences and ‘the dongers which nay
result, "o ’ o : '

{t wilt be well, tusther, to know the result of the fullowln&tranafurmadoua
which have heen propesed or reexamited during the lnst few years; R -

(@) The place of demonstrative Keowetry relative to algebra. (d) The >
fusion of ane md solid gegmetry. (c) The more intlmate union of differ.
ential and integral caleulus, ' o -

4. Relytlons between Muthewatics and Other Subjects.—in the game counec-
tion 1t will be- usefuwl to examine the points of- contact - which_exist hetween
mathematics and other sybjects. Thus the relatlons—(1) With drawing (oo
etric, technieal,.and ﬂrtlstlc); (2) with the appited sclences; (3) with the

other scieotific branchies “(plysies, chemlstry,” blology, geography, ctc.); (4) )
with philosephy ; (5) with the problems of dnlly life. a

X These points oftowtact are important for -practical education. It will got
be sufficlent to study stmply the possibilities and the general desldk-mta: it is
necessary to tuke acceymt of what ia. now: belng successfully done and of.the
daungers involved. Kor cxample, those who desire a close relation between

" iathematics and physics should ghow exactly what geowmnetrlc notions e 'h' .
direct bearing on phyrics and clte those problems of elomenta)_-)" physics leh
require simultaneons Nuear equatlons, equations of the sgeond degree In one
or more unknowns, Irrational equations, and progressions. . ’

8. I_lIstorlcaWnslderatlons.—nemnnd I8 being made that a Inrger place be .
accorded to the hlgtm;lcal gevelopnient of math tics. In what degree is this .
possible and deslirable? . \ -
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. Bection V. The Preparation of Teachers.—What are the conditions which n
rational prepardtion of candidates for teaching should fulfill? How are the:
theoretic courses and the pmct'icnl preparation to be organized? . .
The progress of teaching dependsgglirectly-on the preparation of the teachers.
This i8 & question of fundamental importance. _ The studies and the exigencles
vary necessarily from one country to another; they depend much on the num-
ber of pandidates nnd the facilities-at hand in regard to education. Conse-
quently ‘the committee believes that jt will be useful to take account of the
reforms or the projects for reform which are now being conqldered with a
view to bringing the trainlng of teachers into conformity with wmodern condi-
tions, not only for the personnel of primary and secondary schools but also

This inquiry should touch notably: : ¢

(a) The mathematical work required of candidates.

(d) Thelr introduction to =scientific resenrch.

¢c) The best method of presenting theoretical and practical pedagogy (con-
sidered as the sclence of education). <

(d) .The guestion of the sex of the teacher in diﬂe\'ent school yenrs,

(e) Questions concerning. example, the time to be devoted to the history
ot mathematics, the history o ’&ne teaching of mathematics, the recreational
slde of mathematics, and generd¥ literature touching mathematical education. i

The central committee further suggested that fn each of these sections there
should be emphasized conclsely. on the one band, that which characterizes the
proposed reforms and. on the other hand, what nre the dangers to be avolded
and the objections which aremade by those who oppose the proposed changes.
It recommended the following as some of the fundnmeutnl questions which
ought to be discussed : -

1. The desire to render iustruction at{ractive may detract from {ts serious |
character—a result which would be disastrous as much from the standpoint

2. A miscoiicelved psychology might lead to an exaggerated use of the logicnl
bases of mathematics, with an attendant result of continued uncertainty on the
part of the pupil. M

8, The results of neglecting the abstract side, which seems necessary to fix
indelibly in the mind the fundamental mathematical truths.

4, The danger df net renlizing thnt geometry, as it is ordinarily conceh-ed
leads to results of & natyre quite different from those which are furnished by
algebra, and that n fudion of the two might be followed by the loss of some
of the principal advantages of each.of these branches The same for other
subjects.- -

Btill other dangers present themselves, dnd the commission holds shat it is
necessary to examine nll with care, so-that -only those reforms whlcb lead to
real progress may be undertaken.

It was in the spirit of these general suggestions that the mvestigatlon WAaSs
undertaken and carrled ob in the United Qtates
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A e e

. The fonowing a‘enorts fhcluded in the mramec bulletin ‘as the reports of Com-
1 mittees Nos: TII und IV. relate to natitutlons which, thoagh not secondary o
¢ gchools e\clusl\e]v cover more or less of the secondary fleld in their work, )
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¢, chnrt on Mathematics in .S’chnola and ('oileyr‘a for hrgrucn.
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’

A Commlttee Jlo ‘V. 'rhe Trainlng of Teachern ot Elemenury and Swondary
. R Hathemsﬁcs tn the Unltcd States. C

e
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1 Rame bullet!n as _Commtﬁge No. 1iI. . *Bulletin, 1911, N6, 12. N
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I'rofessor C..A. Beanett, Brndley Polyteclinic Institute, ria, I~
Y . Princlpal C. F. Rerry. Milwankee Trade School, Milwankee, Wis,
v : . BoQ Barirer; POlitectinic High School, Los Angeles, Cal.
E. R. 8mith. Broakiyn Betytechnle Preparatory Rchool, Brooklyn, N, Y.
[The repert of this committee Is incorporated fn the general report.]
Suboommwca 2 Publk' and Private Commercial Schools.

. ‘B Downgy. High School of Commerce, Worthington Qtrvet Boston,
Mags., Chalrman. y

Dr. J. T. Rorer, Willlam Penn' mnu %hool Philadeiphia. Pn.
Raymond G. Lnird Jamaica Plaina, Mass. v
Miss Clura F. Eaton, New York, N. Y. - .
Ralph D, Beette, Partmouth College, Hanover, N. H.  °
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Subcommittee 3. Agricultural Schools.
Professor. J. E. Ostrander, Mauassachusetts Agricultiral College, Awmbherst,
Muass,, Chalrman. L ®
DraD. 1. Stevens. West Ralelgh, N. C.
Dr. Tait Butier, IF'urm Guazette, Starkville, Miss,

£l

Supplementary Report. “The Industrial School ()f Seccondary and Intermediate
(:radc
Nathan N. Dickler, Manual Tralning High School, Rrookiyn, N, Y.

Committee No. VII. Examinations in Mathematics Other than Those Set
by the Teacher for His Own Classes.’

[ 3
Professor T. . Fiske, Columbia University, New York, N. Y., Chairman,
I'rincipal 11, (‘ Pearson, Horace Mahn School, New York. N. Y.
Professor H. D Thompson, I'rinceton U nlwrwlt\ l'rlnwtnn N T
I'rofessor Virghl ﬁnydor. Cornell University, Ithaea, N, Y, ]
Dr. . F. Wheelock, State edueation departiient, Abany, N. Y,
Professor N. F. Davig, Brown University, Providence, R. 1.,
I'resiidlent Robert J. Aley, University of Maine, Orono, Me.
Dr. J. K. Gore, president of the Actuarial Roctety of Amerlea, Newark, N, J.

- Subcommittee 1. Nature of l‘mmot(on in Elementary Schoolz and Admigsion to

Necondary Schoolx,
Principni H. ¢, I'earson, Horave Mann School, New York, N. Y., Chatriunn,
H. B, 1loomis, ITyde Park High School, Chieago, 111,
John K, Rackliffe, Ihmtington School, Birackten, Muss.
R. M. Sherrard, Subdistrict Schaul, Plittsburgh, Da,
Professor A. Duncan Yuveum, University of Pennsylvanla, Philadelphia, Pa,
Dr. C. W. Stoue, Farmville, Va, ' g

L ]
Subcommittce 2. Entrance to College by College Framinations,
I'rofessor H. D. Thompsou, I'rinceton. N. J., Chatrman.
Professor J. 1. Coolllge, Ilnrvard University, Cawbridge) Mass,
Professor Julins Saclik, Teachers College. Coludubia University, N, Y.
. Professor 1.. & Hulburt, Jofins Hopkins University, Baltimore. \l(l
* Prlucipal J. B. Schiobinger, The Harvard School, Chicago.

Subcommittee 3. Entrance tn ('nlh‘g(‘ by Caollege Entrance Roard Eraminations,
Protessor V. Sayder, Cornell University, Ithaca, N, Y., Chnirman.
‘Professor R. W. I'r cml« Rutgers (‘ollozo. New Brunswick, N. J. .
Professor C. L. 12. Moore, Massachusetts Institute of Te«lum]nm. ]lu-amn,

Masg,
Miss C. A. Hart, Wadieigh High School, New lorl\ N. Y.

.\‘ub( ommittee. §, Entrance to College by State Eraminations,
Dr. (. F. Wheelock, State Edueation Department, AlthanyeN. Y., Chalrman,
President J. M. ’l‘ngor. Vassur College. Poughkeepsie, N, Y.
R|upt. I I, Boynton, Ithnen, N, Y. . o

Subcommittee 5. Entrance to (?olh'ge by Certification,

Professor N. F, Duvis, Brown Unl\'orklty. Providende, . I{ Chairman.
Professor E. 8, Crawley, Univérsity of Pennsylvanin, Philadelpbin, Pa.
Professor George O. Edwards, Unlversity of Culiforni, Berkeley. Cal. °
Professor W. W. Beman, University of Michigan, Ann Arbor, Mich.
Professor William M. Thornton, University of Vlrglnln Charlottesville; V'a.

¢ 1 Bulletin, 1011, No. 8




O

ERIC

Aruitoxt provided by Eic:

4 REPORT ON “YHE TEACHING OF MATHEMATICS.
Subcommittee 6. Statec and Local Examination of Teachers.
I'resident Robert J. Aley, University of Maine, Orono, Me., (‘hairman.
J. C. Byrhes, Board of Education, New. York, N. Y.
- Harry English, High School, Washington, D. C.

.

Sudcommittee 1. Exramination of Actuaries,

J. K. Gore, presldent of the Actuarial %cletv of Amerlca, netuary of the
Prudential Life Insurance Company, Newark, N, J.. Chalrman,

Dr. H. J. Messenger, actuary of the Travelers Lnsurance Company. 1lart-
ford, Coun.

Dr. William M. Strong, assistant actuary of the Mutual Life Insnrance
Company of New Yotk. New York City.

Mr. Dow, actuary of the New Eugland \lutunl Life Insurance Company,

Committee No. VIIL Influences Tending to Improve the Work of the
Teacher in Mathemntics
Professor E. P. Qubberley, Leland Stanford University, Californin, Chair-
! man.
Professor F. N. Cole, Columbla University, New York, N. Y.
Professor (.ustme Legras, College of the City of New York New York. N, Y.
Dr. A, W. Stamper, State Normal School. Chico, California. '
Professor E. 13. Skinner. Unlversity of, Wisconsin, Madison. Wis.
Dr. .. L. Jackson. New York, N. Y.
Pro_fessor H. E. Slaught, Unlversity of Chicago, Chleago, Til,

Kubcommittee 1. Scicntific 8ocieties and Periodical Literature.

Professor F. N, Cole. Columbia University, New York, N Y.. Chnirman.
Professor W. H. Metzler, Syracuse. I’nl\ersn\ Syracure, N. Yo
Professor J. F Gould; The l'nherslt) of Washington, Seattle. Wasli.

Subcommittee 2. 'I‘rachcra Aswociations and Reading Circles.
Professor Gustave Legras, College of the City of New York, \o\\ York,
' N. Y, Chairmao, 2
A Harr) W héeler, English High 8chool, Worcester, Masg,
\\'l]l']nm E. Breckenridge, Stuyvesant Iligh Schoeol, New, \mL NY.

Nubcommittee 3. Teachers® Institutes.
Dr. A. W. Stamper, State Normal School, Chico, Cal,, Chairman,
Principal William Fletcher. I'ueblo, Colo.
Dr. 0. L \\'oodley. Principe] of the State Normul School, Fairmout, W. V.

Subeommittce 5. State Inspeetion and Buperr isdon of Inatruction.
Professor E. B. Skiuner, The Unhersl(y of Wiscousin, \lndl‘«)n. Wis.,,
Chairman. °
Dr. E. W. Lyttle, Department of Educauon, Adbany. N. Y.
Professor John E. Clarke, Roston University, Boston. Mass.
Robert L. Short, Technical High 8chool, Clev eland, Ohiy,

Sub.mmmmce 5. AcHvities of Publishers and their Agoents.
Dr. L. L Ja&son, New York, N. Y., Chairman.
D. W Hall, Chicngo, Il ..
Robert L. 8hort, Technical High SChool Cle\elnnd Ohto.

Sudcommittee 8. The Teaching of .llathrmauca tn Summer Scesions wf Uni-

versitics and Normal Schools.
Prefeseor H. E. SIaught Untversity of Chlcago, Chicago, .
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Commlttee No. IX. Technological Schools of Collegiate (rade.'

Professor 1I. \\ Tyler, Massichuretts Institute of Technology, nustnn
M:asg, Chairman.

I’resident C. 8. Howe. Case School of Applied Science, Cleveiand, Obio.

I'rofessor 8. I Slocnm. University of Cincinnati, Cincinnati. Objo.

Subegmmittee 10 Independent Technological Schools. s
President C. 8. Howe. Case School of Applied “Science, "Clevelnnd, Obio,
Chairman. F T
I’'rofessor A. M. Kenyon, I'urdue University, lafayette. Ind.
Professor ). I Campbell, Armour Institqite of ‘Fechnology. Chieago, 111

Nubéommittee 2. Technological ﬁ?purhnm!n of Colleges and Unirversitices,
P’rofessor S E. Slocum, l'ulversll\' of Cinciunati, Clucionatf, Ohio,
« Chairman.
. Professor I.. V. Huntington, larvard lnl\ersln Cnmbrldge Mass.

Committee No. X. Undergraduate Work in Mathematics in Colleges of
Liberal Arts and Universities.

Professor H. 8. White, Vassar College, Poighkeepsie,*N. Y.. Chairman.
Dean F. C. I erry, Williams College, WilHamstown, Mass

Dr. W. H. Malthie, Baltimore, M.

Dean Thomas F. Holgate. Northwestern l'nh‘ersn_\'."Zvnnst_nn, 111

FRTSIPRPRC Y YT N

Subcommittce 1. _Uen's ('ullrur.«.
Dean F. C. Ferry. WHllams College. Williamstewn, Mass,, Chairman.
Professor L. I, Eisenhiirt, Pnceton University, PFinceton. N. J.

P I'rofessor L. 8. ITulburt, Johnq Hopkins University. Baltimore, Md.

i i T S BT

's
Subeommittee 2. Women's (ullcg(x 0 ) .
Dr. W, I1. Maltble, Baltimore. Md., (‘Imlrmm )

Assoclate Professor Ielen A. Merrill. Wellesley College. Wellesley. Mass.
. !

raesd

V3
o

Subcommittee 3. Coeducational Colleges. . . . o
; Denn Thomns 7. Holgate, \on)moutorn & lll\elﬁl(\ Fvanston, 111, Chair-
4 " man, *
‘Professor Gedrge T. Sellew, hno\ College, Galesburg. 1L

Professor 11. G. Keppel. Unlversity of Ilorida. Galnesvidie. Fla.
rofessor T. E. MceKihney, University of South Dakota, Vermiifon, 8 Dak.
Professor James W. Glover, University of Michigan, Aug Arbor. Mich.

Committee No. XI. Mathematics at West Point and Annapolis.’

Professor Clifford . Upton. “Teachers College, (‘olumrln University, New
York, N. Y., Chairman.

Professor C. P. Echols, United. Stiites Military Academy, West Point, \ Y. ..

Professor W. J. King, United States Naval Academy’. Annffpolis, Md. -

W, E. Bretkenrldge, Stuy\'emn't High School. New York, N, Y.

v

Subcommiitce 1. The Training of. Army Oficers, In'(.*ludn‘na Schoolz for

Gratluates at West Point. . -
Professor C. P. lu‘hols, United %tmea Mttltary Acadeﬂy West Point, N. Y
Chairman. § T

Major Tracy C. Dickson, Ordnance Department, Sandy Hook, N. J.
Captnlu Alston Ilammon. Artmery School. Fort Mouroe, Va.
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Bubcommittec 2. The Training 6f Naval Offeers, Including Schoolg for QOred-
udales of Annapolis. )
Professor W J. King, Uuited States Navall Academy, Annapolis, Md,
Chajrman.

I'rofessor E. J. Yowell, Anuapolis, Md.
Professor €. H. Sisam, Urbamn, 1L
Committee No. XII. Graduate Work in Univergittes and in other Institu-
tions’ of Like Grade."

Professor Maxime Bacher. Harvard University, Cumbridge. Maxs. Chair-
pan.

Professor D, R. Curtiss, Northwestern Ualversity, Evanston, .

Professor Percey F. Smith, Yale University, Xew Haven. Conun.

I'rofessor E. B. Van Vieck, The University of Wisconsin, Madison, Wis,

Subcommittee 1. Course of Study and the AUaxter's Degree,
I'rofessor D. R. Curtiss, Nerthwgestern University, Evanston, I, Chair-
man. - .
I'rofessor Kdward Kasner, Columbia University, New York. N. Y,

Y'rofessor A, . Luni "U'he University of Chicaeo, Chicago, 1L
‘
Bubcommittce 2. Preparation for Research and the Doctor's Dcgree.”

. Professor Percey I Smith, Yale University, New Haven, Conu., Chalrman.
Professor Max Mason, ‘The University of Wisconsin, Madison, Wis.
Professor I5. J. Wilezynski, The University of Chleago; Chicage, T
mee::? J. L Iutchinson, Cornell University, Ithaca. N. Y.

Profes®r G. D. Dirklhoff, The University o sconsin, Madison, Wis.

Sub®mmittee 3. Preparation of Instructors for Colleges and Unirersities,
Professor E. IB. VYan Vleck, The University of Wisconsin, Madison. Wis.,
Chairmun. o
Professor H. E. Sluught, The University of Chicago, Chiengo, 111
Professor C. L.Bouton, Harvard Univergity, Caubridge. Mass,
Protessor H. E. Hawkes, Columbin University, New York, N. Y.
Professor G D, Old=. Awmberst College, Ainlerst, Mase
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INDEX TO THE REPORTS OF THE AMERICAN COM-
MISSIONERS AND COMMITTEES.,

Narg. =The documents indexed herein are as fullows; .
Reportof the American Commissionens of the Internatioml Commission on the Teach-
ing of Mathematice.  (Bulletin, 1912, No. 14,

, Committees Nox, T and TTL —\l.nhcumnu in the Elementary Se hnul\uf the United

States,  (Bulletin, 1911, No. ]’l)

Committees Now. T and IV.—Mathematics in the Publie and lrluh- Reeondary
Schoots of the United States,  (Bulletin, 1911, No. 16.)

Committee No. V -Trumy,: of Teachers of Elementary and Sceondary Mathematicg,

*  (Bulletin, 1911, No. 12))

Committee No. VI—Mathematics in the Teehnical Secondary Schools in the United
Staten. (Bull<-lm 1912, Mo, 1))
Committee No. VIL—Examingions in Mathematics Other than Thuse Sot by the
Taacher for Ilis Own ( l.w{\g (Bulletin, 1911, No. 8,) . -
Committee No. VIIL—Inituences Tending to Improve the Work of the Teacher in
Mathematics,  (Bulletin, 1912, No. 13.)

Committee No. IX . —Mtthematics in the Technologieal Schools of Collegiate Grade
in the United Statea, (Bulletin, 1911, No. 9.)

Commitice No., X.—Undergmduate Work in Mathematies in Calleges of Liberal Arts
and U niveritics, (Bulletin, 1911, No. 7))

Committee No. XL.—Mathematics at West Point and Annapalis. (Bulleting 1912,
No. 2))

3 (»mmll‘vo' No. XIL \Gmdlmu- Work in Mathematics in Universities and in Other
Institutions of Like Grade in the United States.  (Bulletin, 1811, No. 6.)

Abbreviations used: Am. Com. == Report of the American Commissioners, L 18-1911,
Iand 11 == Bulletin No. ld, 1911, Committees 1 and 11, etel

A, | Aid to students, ¢-1911, XTI, 25, 55,
, Albany (N. Y.) State Nor College, course ln
Absentla, Work m. -t X1, 32-%3, 7. : mercinl Ribjects, §-1918°% L, 28-2,
&g ! \w;m agricultural semmlurv whoolq 4—1012 \l

uarial science, 1st of books, &, “!l VI, Gty

A unrinmxlezyoumerim 1M1, VIL &3 apoct. | 32; Boston High School of Commerce, 41912, Vi,
men exu ination questions, 67-70; S)Ilubus of ' 25 coeducntional high schools, Eastern Stntes,
cxnmumt ns, tw—45. 16-1011, NLand IV, 4-50, Middle West, 18-1911,
A(‘tmﬂes examinations, 8, 1911, VII, &3-70. ifland I\ 55-67; 10l egnmndtm-hnologknlthk

mu‘hlnes, private commenlul schools, 14-i012, Am. com. 4647, commercial schools,
4 1914. V1. 27; secoudary commercial schools, secondary, 4-1912, 1, 24-25, 27 - 18 colirses cond®
-1918. V1, . taining, elemeritary u‘hools 13-1911, 1 and 31,
A m requtrement! for 7-1811, 134+-136; elementary schools, ue nof u—-lQlP
16017, womensool 1911, X, 7{5 Am. com., 1719, examinat 8, 1911
Adv lnnmc!,lo estaplaned, 6.611," XII, | 3326, 32, 34-36, 38-39, 43-47; den Eiectr

.19, Co., instruiction, ts-xml Tand 1 s’ "i"
uon, Wﬁ, torpmmx.wwacbmmnch whools, 761911, 111 and 1V, ¢4 sirooction
early grades, 13917, 1 and i1, 1 odern tend-
lcylleges, teachers, V vata
mguml N . . l hals, secondary nchooh rs—m: in at:x N %4;::’!?,
Mﬂﬂ hi‘hm Agriev un 8¢ w 16~
" I an Jtvmrmmg schoots, 18.1911, 111
Wmmxhchooh , arlttimitie, tnatroction, sad IV, 178 3122, 24-2% study a x 1, 'vu
m.wo mmuc 1912, VY ,wz © 16-20; techo m nchooB ' i 2
15—19{1 ianu United suuq litary A
) United States Naval eadm l‘:t 11.
: 77' .
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Algorlstms, use of tal, 18-1911, T and 11, 111-113.
Ar;.nr&can ‘commissio oners, report, {4-191#, Am. com.,
7
America’n_ educimo?]al"!mtltutiom, schemastic sur-
vey, I8=18i1, I an -1
Amerlcan Federation of Teachers or the Mathe
matical and the Natural Sciences, founding, 13-
!91’ VIII, 1516
merican Mathematical Soc ty. activitles, 13-1912,
\lll. 10;_definitions of éntrance requirements,
9-1911, IX, 14-15; recomgiendatlons regarding
master’s defme 8-1911, {nﬂl

. American Nautlcal Mrmmuc‘ ()mm lnﬂuen(v- on

-

study of mathematics, 631971, XTI,
Amer s, study in lorelgn ('olmlrk-s. 6- 1911, X11,

Amhemt College, and college entrance hoard. &, 1911,
* VI, 32; entmnce requirements, &, 1911, V'I1. 15,
Annapolis. See. United States Naval A.mdem)

Apparatus, 6-1911, .\ll 32, 41,

Applied science, higher ‘education, 9- -1911, lY 5—4.

Applled mathema ca, 6-1911, X1
Fprentloesbi schools, New York enlml Unes,
natruction, M-1971. Land 11, 173-175; partial list,
11»1911 1and 11, 157; tmlnmg, 18-1911, 1 and 14,

Arlthm?tlc characteristic methods of teaching, 13-
191 bad 1, 117-120; comnercial schools, 4-1412,
VI, l'). 2 conunenln! leaching. §-1912, \l 23-27;
Educstion ‘Pepartmeng of State of New' York,
course of study, 73-1911, I and 11, 45-55; effect of
school organization on teaching, 13-1911,L and II,
83-84; elementary achools, 13-7917, 1 and 11, 55-61,
117-120, £4-19(2, Arh. coin., 14-17; examinations,
k1911, ‘11 13-44; cxnmplcsandprohlems 131911,
. I agd II,- 1!3—11., O‘Y(‘rimcnls in Horace Mann
8chool, 15-1911, 1 and
lnst.ructton 13-1011 1 and , 171-172; girls’ h
schools, 16-1811 Illanle 48 “Gmbomcth
18-1811, 1 and li 118; instruotlon in State normal
schools, {8-71911, V, 15 method pf Instruction,
181911, 1 and IT, 3642, 97-103; mefhods of ration-
allzation 13-1911, L and 11, 106-107; Michigan State
& Normal t‘olle;.e 13-1911, 1 a 10, 8- 84; modern
tendencies in waching,n-lsl v, 19 20; objecll\e
method of teaching, (8-19/7, 1 and 11, 041,
»403-106; & va{e normal achools, 12-19i1, v, 2.
Jelation to manual arts, household arts, nndngﬂ
'culture 13-1911, I and 11, 54-55; schools col-
v ey esfornegrocs '16-1911. llInndIV 184; 03
schools, 16-1911, 111 and 1V, 22 speclnl meth
forobuunm g accuracy 1ndopendence and speed;
13-1911,1 and 1I, 107-111 status in rural schools,
13-1911, T and 11, 16; technica! secondary schools
course, 4-1912, V1, 9; use of special nlg_orfsms oval
{cimm. I:Tg written arrangercents, 13-1911, 1 and
Arkansas, teachers’ certificates, 8. 1617, V11, 62,
Army omcen training. See United Btates Miljtary
Acade ernanm Bchoo! of Application, Coast
Artitiedy Sehoo
Arull%ry ln.su'ucuon, Fort Monree, Va,, #-19182, X1,
18-

Associations, teachers’. See Teachers’ associations.
¢ Astronomy, teaching, United States Military
‘Academy, 21918, X1, 1314
Astmnom{‘and mathematics, 6-1911, XI11, 8,
A ©o., elementary schools, courso of study,
181011, Iandll 147,

) - N B.
on the function of teachers’ Instl-
tuws ts—lm?\

I, b
g’f;mfmw{. on mathemntlcs at West Point,
:-1
Boards of education, State, funotions, 18-1912, V111,

23
Boﬂemuken'ahomepmblems 18-1911,1and 11, 175,
tap. lonal 11, VII 02,
‘Girls’ Latin Bchool, slx-yun ~course,
ligllé.clildllvlC thod f teach.
00l o ommemo, me of teach-
mmhxl\.l"F . and llege entrance board,
‘00 on
1914; V11, 33, T
n%‘oln Oouego,and college entranoe boerd, 8-

trance requirements, &-1011, Vn W
letter transmittal, nport of com-
XII o;u , 5.

1,120; General Llootric(o :

ocollege entrance boud 8, 11,

r N

RBulletins, malhemntl-nl 13-1912, VIII, 11-12.

Butler, N, M., on ool)eze entrunce hoard c‘mnnmy,
tions, 8. 191, v1i, 31; on lmtmnﬁ of teachery i
elementary gmdm 13-1811, } and 11, 152,

C.

Cajori, Florian, reporf on the tmhlng and hlswry
uhnalhemaum 6-1811, XII, 2
Caleulus, boundary between t\\o ut) les of tem‘h ing,
6-1911, )\II 45; colleges and technologicul schools,
14~ 1912 Am ocoin., 42; technologlm\ schoolx, &
;.’)ll . "\ 22 United Staws Naval Academy,
191

Californfa, efomenlary schools, course o! study, 1.
1911, 1 and 11, 82.

Cnlllumln, Universliy of. mtnblﬂshment of certifl-
cute vystem, &, 71911, VI,

Camegle Fonndation fof the ‘Advancernent In
Teach ing, 8, 1911, VII, 23; lntluenoe, 13-1912
V1, 31-33,

Cash n‘ghu-r use of, secondary commerclal schools
41912, V1,700,

(u) ley ) , lectures on mathe mutlu, 6—1911, X1,

(enlml Association of Sclence and Mathomnnm
’lmuhen influence in Middle West, 16-1911, 111
and | 5& 1S

< (-m(;h me plan, adinisslon to cotlege, 16-1911, 111

40,

(‘erliﬂml , high school nnd entrance to college,
- &§-1911, \II 50-01); schoo emmme to LO”(‘K(‘ 0
&-1911, Vil ll:, Leu(h('n 8-19“
See als0 under names of Staies.

Chicago, elementary achools, course of study, 1s-

1911, Tand 11, 147-148,

(Jnmgo Qu\ ersity of, influence on graduate work,
t-1911 11, 9; achool of cducation, course of
elud'y 16- l9l! 11T and IV, 153-155,

Choreh, l'rokx%or, on mnthemnl.ics at West I’oint,
2-191%, X1, 10-11 .

Cinclnnatl, ‘Jnl\emlty of, cooperative system, -
1911, 1X, 4142,

Cly s(hoo\s organization, 15-1911, T and 1T, 81,

City tmhdn§ schools, seveath, and Ql{.,htfl grade
teachery, 13-1911, lundl 148,

City unit, 13—1911 1and 11, 81,

Clark Lnlwmt) foundation for gndunte “ork
t-1911, X11, 9.

“Class m‘xtru(tbn, elementary schools, 13-1911,
1and 11, 13§-139.

Class lime, \uion elemenl.nry achools, 13-191¢,
land 11,1

(lMﬂché)rhmemndury schools, 16-1911, lll’ and

size, colleges for men, ;- 1911, X, 2

Classroorn methods, colleges and Lechnologcul
wchools, 14-1912, Am, com., 44—46

Ciubs mulhommnunl 0—1911..\:11 13-1912,
VI, 15-16; l6-1911, v’ : coeducy:
tional high achoolu dedle “est m 1911, il
nng R ,61; prhnw scoondury school, 16-1911, HI
an;

Loust Artﬂle School Fort Monroe, Va., courses
of study, £- 10,

Coeducation, 6£9!1 )&.Il 11, 24; ?ﬂvute seoondary
schools,, 16-1911, 111 and 1\' 40-142; technical
secondafy schyols, §-1912, V

Cqgducational oolleges, unchlu 7—1911 X, 27-30.

Coeducational high schools. See ngf: schiools, »
cocducational, -

College admiasion examinations. See College en.

trance examination.

College Entrance Examination Board, attitude of
P! tory schools, 8-1911, VII, 32;attitude of the
colleges, 8-/p11, VII, 32-33 benefit to secondary
schools, 8-{p11 V tive efforts, 8-1511,

nnlons of' ub ocuvo-mw 14-15;

exam-

81 o, S oy ﬂnmm, d—mu AT, 33

hinory &1911, Vil 28; method of reading ‘an

md papers, 8—1911 VII, 81-32; plan o! ’p”

paring ym ad;; s, 161511,
H -nd 1 11, inat un uestlons.
- 81911, VI, 407 statistics 51011 ¥
(omge entrinoe examinations, a-:éu %t
1418, atid private secondary schools, 18~19 1 11
and [V, 1 ur(umentforntenuon, 819117 V1I,
17:10; J!commendatbm as improvements,
s—mt, VII, 19-21; speclmen popers. 8-1011, vn,

8¢t olso unter names of colleges and universities.
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College entrance requirements, 16-18/1, I1I and 1V,
22-30; by certificatlon, 8-1811, VII, 50-00.

- Seealso Entrance requirements.

Colleges and technological schools, elementary
mathematics, [4-1912, Am. com., b

‘Colleges and universities, coeducational, teaching,
7-1911, X, 27-30; correspondencé work, (6-19/1,
111 and IV, 181-W2; rees. Sce Degrees; en-
tranice by State examinations, 8-19/1, V11, 40-50;
entrance by school certificates, 8-1911, VII, 18:
entrance examinations, 8-19¢1, V11, 7-8; final ex-
aminations, 6~19/1, X11, 40; instruction, munber
of hours per week, 6-1911, X11, 42; mathematical
clubs, 191918 VIIE, 15: questionnairs #nt, 9-1911,

IX, 11-13; technologlcal depsriments, study. .

41911, IX, 34-4; undergmgume work, 7-1811,

X, 1=
See also Universlties.

Colleges for men, sdmission uirements, 7-1911,
X, 13-14; amount of teaching, 7-1911, X, 21, class-
room methods, 7-1811, X, 19; department of
mathematics, organization, in{luence, and work.
7-1911, -X, 9-13, 17-18; detefMmination of final
grades, 7-1911, X, 20; elective system, 7-18!1, X,
18; independence in problem work, 7-18/1, X, 20.
laboratory methods, 7-1811, X, 21-22; mechanics
and descriptive geometry, 7-1911, X, 12; nofm of
collegiate requirement, 7-1911, X, 16-17; pedagogy
of mathematics, 7-/911, X, 23-24: permanency In
position of teachers, 7-1911, X, 24; prernmtio:. of
teachers, 7-1911, X, 22-23; present tendencies.
7-1911, X, 22; programs of elementary “courses,
7-1911, X, 19-20; quality of preparation, 7-10:1,
X, 14-15; separation of engineering and non-engi-
neering.students, 7-1911, X, 12; sire of classes,
7-1914, ; undergtaduater eleciive courses,
3-t9t, X, undergradunte required conrses,
T-1911, X, 16; undergraduate work, 7«191f, X,
7: pse of models, 74814 X, 21.

t'ollekzes for women, organization, curriculum. and
methods of teanching, 7-191/, X, 24-27; preparution
of teachers, 7-1911, X, 27. . o

Colleges of eThication, aim of, 12-19(/, V', 8.

volorado, teachers’ certificates, 8-1911, V11, 6.

Columbis University, entrance requlremen’s i
mathematics, §-19/1, VII, 15-16.

Commercial schools, private secondary, teaching,

-1912, V1, 23-26: secondary, examinations, 41918,
'1, 23-27, geometry, 4-19i8, VI, 28, methéds of
teachlng, §-1912, VY, 2i- vapamllon of candi-
datea for teaching, 4-191%, VI, 98-29, teaching.
4-1912, VI, 21-29. :

Committees T.and 11. mathematics in the element-
ary schgols of the United States, ¥3-1911, 1-185.

Committees 111 and 1V, mathematics in the puhllc
and private secondary schools of the United
Qtates, 16-1011, 1-187,

Committee V', trainlng of teachers of clementary and
sacondary mathematics, 1£-1911.1-23.

Committe¢e VI, mathcmales In the technieal
secondary schools in the Unlited Btates, ¢-/912,

. 1-35.

Committee ¥1I, examinations in mathematics
other thar those set by the teacher for hls own
classes, 8-1811, 1-72.

Committeeno. VIII, influences tending ta Improve
e work'.of the teacher of mathematios, 13-1912,

-47. ¢

Committee I1X, mathematics in the technolpgical
schools of cojleglate grade in the United States,
9-1911, 1-44.

Committee X, und uate work in mathematics,
in cojieges of itberal arts@and universities, 7-19/1,

1-30,

Comﬂlt‘l&. X1, mathematics at West Point and

*Annapolis, 2-191¢,1-25. :

Commiftee X1I, uate work in mathematios in
universities in other Institutions of like grade
in the United States, 8-/011, 163,

te methods, teaching, 13-18!1, T and 1I, 140--

Connecticut, tenchers’ certificated, 81911, VII, o1,
Cooperative system, Lewls Institute, Chicago, I11.,
8-1811, IX, 41; Univensity of Cinoinnati, 8-100

1X, 4142,
Cornell Unlvmit{ entrance requirements’ In

mathematics, 8-1811, VII, 15.
Correlation, mathématics with ot subjects,
914, V’I, 10-11; 9-1811, IX, 18-21, 87; 1¢-1911,

R ﬁn; 16-911, 11T ang IV, 18, 48; 41018

» 3021,
A Cy
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Correspondence courses, 6-1911, XII, 33; for gradu-
ates, Chicago Unlvessity, 6-1811, XII, 32.
Correspondence schools, hest lg"pe. 13-1911, T and
I, To0; private, teaching, 161911, 111 and 1V,
County-hoard of educatlon, function and powers,
13-1941, 1 and I, 79-80,
ounty school, organization, 13-1911, I and II, 79.
Courses of study, 6-i911, XI1I, 13-.4, 20, 26-30;
arithmetic, Education Department of New York
State, 18-1911, 1 and 11, 45-55; boys’ high schools,
16-1811, 111 and 1V, 37-34: mld’cn(fonal high
schools. Fastern States, 16-1911, 11 V48—
51, I'neific Coast, 16-1911, I anc 70-71,
Koutfern States, 16-1911, 111 and . 364
changes needed, 13-1914, 1 and 11, 166; Coast Ar-
tillery School, Fort Monroe, Va,, £-1912, X1, 18-19;
oolleges and technological schools. 14-191€, Am.
com., 41-47; commerce, §-1812, VI, 29; correspond-
ence work. collepes aud universities, 16-1911, 111
and IV, 181; elemen schools, arrangement,
ifaigie, A, com., 25, Califomis, 13-1911, 1 snd
H, 82, city course, [3-1311. 1 and 11, 5504, Euro-
pean nfluence, 18-19/1. 1 and 11, 130-131, general
<ontent by grades, 13-/911, I and 11, 18-32, influ-
ences affecting, /3-1911, 1 and I1. 32-33. Btate
course, 13-1911, 1 and 11, 45-55, tendencies as to
content, 18-181f, 1 and 11, 32-33; Engbneerlnlg
Schoot, Washington Barracks, D. (.. £-191¢, XI,
14-17; evening technical schoolg. /6-1811,
IV, 174; girls’high sehools, 16-1911, 111 and IV,
42-45; groduate, teaching and history of mathe-
ratics, /2-1911, V, 11-13; high schools, 13-1911, 1
and ll‘ltu-m',: anepcmlml technologicalschools,
o 1911, 11X, 28-30; in cach tyvpe of school, [3-19/1
1 and 11, 85-89: lack of uniformity, seventh and
eigh.h grades, 18-1911,1and 11, 131-133; mechanics
and aitronomy, United Btates Military Acadrmi-.
2-1918, X1, 13-14; mixed mathematics, 16-1811, 111
and 1V, 153-155; New York Btate, 14-/9/# Am.
com.. 14-15; Ordnance Schoo! of J)plimllon.
8andy Hook, N. J., £-1912, X1, 17-18; primary
schools, Tennessee, 18-1911,1 and 11 81-82; private
secondary schools. 16-1911, 111 and IV,122-123,132-
135; gromms, 7-1911, X, 19-20; rurai schools. 13-
1911, 1 dnd 11, 71; schools and colleges for n i
16-1911, 111 and IV, 183-184; secondary schools,
14-1812, Am. com., 20-30, [6-1811, 11l and IV,
15-16, length, 161911, 111 gnd IV, 12; secondary.
technical schools, 4-1912, V1, 8-i1; State normal
schools, /£-1811, V', 18-1%; six-vear high schools,
18-1911, 111 and 1V, 86-87, 83; Technical secondary
schools, 4-1912, V1, 18-10; technological dépari-
ments of colleges and universities, 81911, IX, 36
technological schools, 9-1811, TX, 16-18; typieal
elementary schools, 13-1814, 1 and 11, 33, 44-84;
undergraduate elective, 71281/, X, 17: unde -
ate required couges, 7-1811
fon, 8- 1911, 1%, 21-22, 37; Unlted Statns Military
* Academy, £-1812, X1, 7-10; United States Naval
Academy, 2-191¢, Xf, 24-25;, women's colleges,
T1911, X, 24-27 :

Cotrtis, 8. ]\., on i)rlnclples underlying the course -

in mathematlcs as studied4n the Detroit Home

and Day 8chool, /6-1911, 111 and 1V, 147-150; on

standardized tests, /3-191, 1 and 11, 91,
Curriculum.  See Courses of study.

f . D.

Dartmouth College, and college entrance board,
8-1911, V11, 32,

Degrees, bachelor's, vu‘lel}-, 7-1811, X, 9, Instruc-
tion In mathematics forty year 0)6-1911. Xil,
7; doctor's, 6-1811, X11, 7, 14, 3644, 04, conditions
of matriculation, 6-1811, X11,%3, courses, 6-1911,
XM o—im, Xil, 37, 46. final examina-
tions. 61911, X1 40, gusge requirements,
6-1911, X1i, 38, rainor subjects required, 81911,
XI1, 5040, number granted, 6-181!, XIT, 25, 41,

gm‘;)amﬂon for research, 6-19/1,X11,36-42, thesis,
1911, X11, 40, time element, 6-911, XTI, 38;

he! rY hers of mathematics. 7-7914, X, 8-9;

s, 6-1911, X11, 7, 14, 20, 65, number glyen,

6-1911, X11, 25, 3, requirements, 6-1811, XII,

32-36," 14-1918, Am. com.; 54-85, 57-5%; techno-

logical schools,

2, .
Denominational :booll, privute secondary, 181911,

111 and lx‘ 1 . 0 nigh
partmen management, girls’ M s
w011, Mand IV, 404" -

¢

79 .

X, 15-16; fica- -
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) .Ele can hools, aim and jzation, 18-1911.
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De, fl system, evening technical schools,”
18-1911, 1l and 1V, 145
mtmenul teu:hlng, 138-1911, 1 and II, 141,
Detroit Home and Day School, rtnci les under-
lyinf (‘mm{vs), 16-1911, and IV,
147-150,
District orgaziization of schools, /3-1911, Imd 11, 80.
Draper, £. 8., on training of teachers Ioralemenmry
ac ools 181911, 1and 11, 150
nf » fun ntal relation to metry, 13-
1911 nnd 11, 169; girls’ high schools, 16-7977. 111
- md IV

E. K]

Echols, Protesor on mthcmm.ics at West l‘omt
2-1912, X1,
Edmuon, nonpubllc agencies, [3-1911, 1 and I1I,
2-13.

Edmtiﬁxﬂl Alllm, New York City, 18-1911,

Ignd

Ed&;t‘ioml institytions, Amerlcnn schematic sur-
vey, 13-1911, I and II, 7-

Elective courses, high achools, 16-1811, 111 and
IV, 13; Influence on graduate work, 6-1911. XI1,
9—10 men:collegel 7-1914, X 18; undergnduaw
l‘-lﬂll Am. com., 4547,
e!namlary course, influemce of compleun.g, 13—1911
Innd I, 129,

education, aifn (Hanus), 18-1911, I and
st 16; alm (Thorndike), 131911 1 aad i1, 15
doBinition of term, 15-1811, “?(}uf .
)em grad al, purpose of algel 191
11, 134-136

T and ]I, 15-16; s!gehm courses containing, /13-
1911, 1'and I, 134 srithmetie, 718-719/7, 1 and 11.
3649; California, course of study, 13-19!1, 1 and 11,
82; class lmtrucuon, 18-1911, T und H 138-139;
class time, divislon, 181911, Imd'l 139-140);
concrets methods of teaching, 15-1811, . and 11,
140-141; course of study, 18-/817; I and 11, 16-33,
130-181 examln.mons 13—19”: 1 ahd I,
T-5¢4, one to six,.
181911, Tand 11, 6&'3 Krades seven and eight
18-1911; 1and 11, 120-142; Indianapolls, course of
study ln srithmetle, 134811, I and 11, 55-0M;
influences affecti holeooumeoutud\ 13—1911 .
1 and II, 32-33; instructiod, 13-1911, 1 awd
1-185; {nterna or:mlution, 18-1811, 1 and r
81-83; Jack of*uni iy seventh ‘and eighth 1
18-1814, 1 and 17, 181-133; mathematics,
41914, Am. com., 14-25; methods employed in
- , 18- DIl‘h.nd 11, 93-120; nature of pro-
motiqn, 8~19H VI, 10-14; um.nd gen-
ml mmlon, ls-ml Tand I . 18-85, tion
lor gndel (’azo six, 15-19 1 and II,
m)-m reparation o for grados seven
' and elght, 13-1911, I and 144-153; question of
examjnstions mthu&oln of viow of he school,
1s-mu, I tnd. 11, recommendations for
in| I.HOH 1 and 11, 43-44; special
Xinds, 137011, 1 and . '153-181; aupmhion dRd
inspection, 13-1018 11, 5—26 ‘ennessee,
cougse of study, ts-lm 1 l.nd 11, B1-8%; traini
and qmlﬂeu'. ons of teachers, 151911, T and 1
42v44; typl counuo! {d"o 1s-ml 1and IT,
0-~11;

8 essional pmmmllon
A for tmrhlng 19-1911 V written examina-
-uom &151f,

ngineef

ool ol Appllcation ¥ Was|
tion end wotk, l—l ! Xll
14-17.
tician, 'b—
81041, L1 md I\’
paptraent wf matho-

I 87; St. l.ou llo
8L mpmt batm
olo;leulacbools 1919,
Am.eom ,mdunn, -lou X; 13, oﬁwn
ashington B:

29-&1 study, W
‘:e'cb":m&‘ :’; ’ Ptmﬁm‘ of r.wm
goation. -,
l'.‘.hlﬂ.l, M—l’ll! Am.“'oom. I‘XE dmdmt toch-

2 " /7

p md uuivu'llthl. .
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Equipment, 6-18:1, X11, 3241,
European curricula, rge 18-1911, 1 and I1, 130,
Evanston lectures, by Kie®8, 61911, X11, 22, 30, -
ng ools, by public funds, list,
18-1911, 1 and TI

16-1911, 111 aad IV, 170-177.
Examipations, 6-1911,X11, 31, 48; actuaries, 8-19 1911;

V11, 63-70;. American colloges, 8-1911 Vi, 2-7;
boys’ gﬁp schools, 16-1911, iu and IV, 38-39;
firal, colleges and universitles, 61911, m “»

coeducational h gh schools, Middle West, 16-1911'
11T and IV Pacific coast, 16-1911, II1 an
1v, 71-72, oulbem States, 16-1911 ul and 1V,
64, clementary schools, 8—1911 VII, l?‘-H 13-1911
I and 11, 33-38, 72-74, 89—9? 136- 138; glrls’
schools, 16-1911, 111and IV, 45 s inde ndcntux'
noloyieal "schoots, %1911, ﬁ. ,» 30-32: New York
State Education Demrlment. 8- l!)ll V1. 40-50;
other than those sct by the teacher for his own
classes, 8-1911, V11, 1-72; private secondary
, schools, 16-191{, 111 ‘and 1V, 138 140; secondary
schools 18-1 l M and IV, 90—’13 109-111; State
e?'sa.nd unversnkn 8—1911 V11, 40-50" 8tato
teachers, 8- 1911 \'11 60-62; State tor-
mal schools, 12-1911 Vz 18; tochnical secondary
schools, 4-1912, VI, 10 technolpgical schools,
8-1811, IX, 23-24; Uhited States Miljtary Acad-
. emy !-1912, .\l 12-13.. United States Naval
Academy, £21912) X1, 22-%4: Wash! bington Bar-
racks, D ,C., 2-181¢, XT, 17,
,See ai:o COIJege enlrnnuc examinations.

. .

F,

?"el}olwshi use, a-zsn,xn 52, PR
d work, trigon etryorsurvgyn, tate por-
mal mhools. -1911, V', g
Financigl aid, students, 6-9911, X11, 25, 55.
Fiske, T. 8., on question pcnof(nllo Entrance
Exsmination d, l 911 111 I\', 111,
Foreign lectures, 6-1911, X !
Forcign ggid v, 61911, K11, 3, 18-00.
Formal iplluo~doolrino, 18-1911, Tand 11, 128,
France, ?‘oéos Decessity for passlng agrégatinn to
thg w "‘I’H'E\Izlscnoox Chicago, Il algeh
ranc "arker ra and
gwmet?‘ 18-1911 111 and v, 161- 163
Frenc! 8., enification of elemonury mnthe—
matics 18- on 111 and TV, 180-152,
Friage, dent, on admission oOf “students to
_ oollege by certification, 81911, V11, 50-52

G.

Geners! Electric Company, instruction in mathe
matics, 1$-1911, 1 and 11, 171-173.

Geometry, 1911 VII zo-m ngrimltml second-

schools, 4—)!1! \'1 82, coeducstional "‘ﬁ’
schools, Eastern States, 16-1917, Il and IV
Middle West, 16-1911, I11 and IV, 57-38; collages
and technological sc hools. 141918, 'Am. com,, 45—
46; ool or men, 7-1911, X 1‘3. elementa
schools, {ntroduction’; 1 -lm Am. . o, 10-
3, 47—49
fundamental mhmon to dmw lng, ls-mn 1 and
11, zg girls’ high schools, 18-1971, 111 add v,

in the , 13-19/1, T and h 136; intro-

duction in ennygndes 15-19 ", I and 11, 17;

encies, 18-19/1, V,'19, 20; plang,

Gene Company, 13-19!1, { and T, 172;

laoondag:hoolda 18-1011, rh.nd v, 1
mllcges negroes,

1911, Il and I secondary oommervml

, 188;
. 4—181! l m-'n neondnry-c y 16
m? 1i1 and

exXarming-
s-w/

tion V‘n technological
-cnoo'i:.";ffbu 1X,21-23; ﬁnma sum Military
Academy, n-nm. ’X1, 7; United Btates Nawal
glsdimy £-1a1t 1ol X11, 8.
o & %+ s chudy, £1a11 X0, 0.
, fary eoody' ucational

7-158; technical, lmtrucllon, o

.
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Grading, marks, 6-1811, XII, 31; Fn\ntesemndm
Schoo) IG—IBH 11 and ]\’ 13
Graduate stud?nls 8-1911, 10-12. 234
traduats work. nnd\\xndergmhmu» work, distine
tion, 8 1912, X11, 11, 14; 8t the present ime, 6-
ISH, X1 10-12 de\'(..opmmt the West, 6-
11, X lf 9. distinction from ‘undergrud: iate
, ‘work, §-1971, X111, 14 growth. 6-19i1, X11. 24~
25; hmori«'al sk»uh 6-1911. X1I, 21-2 244,

; in’ the past, 61811, 'X11, 7-10; time gven by °

faculties, 6-1911, X1I, t!) 42; universitics and
nstitutions of liko gmde 6-1911, X11.1.43,
‘ irnduates,” high school, tmining in State normal
schools, 18-1911, ¥, 16-17
(.mdlmuﬁl,smqumments, secondary schools, &
1911,V
“Grube method.” srithmetic, 1-1911, Tand I, 11s
Gunnery and ordnrance. {nstruction, United States-
Military Academy. 2-791¢, XI, I4.
Ty

R '

llanus I‘lul aim of elementary education, 18-18/1,
I an

Hannrd l nivusity, and college en trance board, &- |
o 1911, V'11, 33; enirance requirements, growth. /6-
1911 and 1V.23-30; mamum under 1’resi-
dent Plerce, 6-1911, X11, 7: mathematical club,
13—!919 VII1..15; rmpmdou of usachm lorbuzh
schooh 16-1914, 11 and IV . specimen ex-

mination papers. & 1911, vh o
lll;:h schools, alme, 16-1911, 1T and-1V, $4-36; and |

universities, 16-1911, 111 and IV, 53; boys o"lmnl-

coeducational, organization an curriculum, Fast-
. oru States, [6-1917, 111 and IV, 47-51, Middle
West, 16-1911, 111and IV 5162, Pacificcoast, 169
191111 and 1V, 87-75, Soutberq Rtates, 16-1911,
1iand IV, 62-66; eommemlu ee Commercial
schools, recond ; antrance to coliege by certifi-
cation, §-1977, V' l 30-60, e\enlng development,
16~1811, 111 and 1V, 170-171; girls, organization
. nnd currlewlurn, 16-7911, 1M and 1V,3947, Read-
i'a., outliné of course of nudms-wu lll
d IV, 4345 influence of pm}mmuon 181911,
: Jand 1, 129°130; instruction, 13-1971.1 and ‘I,
64-165; NewYork State, examinations, §-1911,
VII, 8; part time, /3-18//,1 and 11, 1%9; prepa-
ration of t hexrs w-’&wl’ lll]andl\’.,.m pur-
pose, 16-1911 an: 1;, recent progress,
16-1911, 111 and 1V,.$4-30; six-vear. n{)pmximn-
+ “tions, f6-1911. 111 and 1V, 8892, bitliography.,
16-1911, 111 and IV, 94 orgenization nnd currigu-
lum, i6-:911; Ulaad 1 8-, e
. See almw Recondary schools.
~ Bigher educagion, ngpued scienos, 8-1811, IX, 5-6;
matheatics, 14-7912, Am. com., 40-60.
1lorace Marin School, experiments in teaching arith-
‘mn‘;xff 18-1911, 1 and 11, 120; grading, 18-1511, 1
an

llouwholdu’ta relation to arithmetic. 13-191/, I and’
 Bde
Hull Touse, (‘mcngo 181911, 1and 11, 7. "

Huntincton, ¥, © two-hour systomn ot Har-
vard Uuh'omlty. o-mt IX, «.

.
1. )
'ndlnnnmlh clomentary achools, course olatudy in
WHmeUc 181911, T and I, 86-64
and d ity 181011, Tand

11, 141-142.
o mﬂmm changes, in Uhited States, 781511, 1 and

Imlustrhlod tion,and Y. M+C. A., 18-1911, Y and
158; cultural, 19-191 1and Ti, 161-162; puhlic
scimols 181911, 1.and 1}, 160-

8ee alro Vocational
Indugtrisl school, corporation; 18-1911, 1 md
rmu {ntermediate, oatnption, 13,151, I and
84-155;, aewndlry and internrediste m,u

ments, 41918, VI, 33-85; 8
n-wum? and il; 75-
'ln:?ét wg_ Ih.m n&humua, n-:m.

and loes) ind u@gl&l “lmdﬁxl&mpooh
dustrial work. i

lostruction. advaaced. orgnnlnnon 6-1811, Xll
12-15, idesls of material development, 919”
« 1X, 4344 Orndinance School! o Appliualbn
Sandy Hook, RY )., #1918, X1, 15  purpose,
6-1911, X11, '12; redirection of educationn! aims
(Stocum) 8-1911, IX, 41. State supervision and
nspection, [3- lFlt VUI, 21-3%; techuological
departments of Lvllrm and universities, 81911,
IXN. 2 two-hour system at Harvard Unlvw!!ly
(uunlinzlom %-1911. 1N, 40,
Instructor's college and university. preparstion,
41911, X11. 4211,
Intcr\‘sli doctrine of. in training ol will, 18-1811, I

'lnlemauonal commission, historical s
141915, Am. com , G1-44; offirers and membe
of Tommittees, :/-19/¢_Am. com., (876G

International Mathematical (‘ongn&s meeting,
€ 1911 NI 22

lowa, teschers' mmﬂmu-s.é—l!'.:l.\ll.c A

x 1.

John Wanamaker Commervial Inslxuu, curriou-
lum, 25-1917, Y and 11, 150,

Johns llovkim 1 nl\enlly lnﬂuenoa on graduate
work, 6-1911, X1, R, 2

! Journ.sls eaducational, supnort 131812, V111, 35-36;
mathemutical, list. 1$-7912, V111, 11-12,

K.
Kindergerien, influence, 13-1817, 1 and 1f, 72;

I tastruction, 13-1911, L and 11, 65-67.
Klein, Felix, loctrires. &-1911, 'X11. 22, 30,

ment, §-1911, 1X, 21,
L. T
Luhomum- methods, colluges for men, 7-wn X,

Labomlor\' work, mensuration, State normal
schools, 191911, V, 0.

Lecturv systemn, 6- 19, XII, 12-13, MI. 48; sup-
plement 1o, 5-1911, X1J, 50-82.

Lewis Insutite, (hhuo 1ll. .~coope
9-1911,1X.41; work, Ib—lﬂfl HI snd iv, l;&ﬂﬁ.

Libeacies, 6-1917, X1 contributions from
pubhshfn 13-1912, V1T, 'll‘-

Logam ms, specimen examination peper, 81911,

L\'ons ane teaching, 6-1911, X1I, @&, N
M.

1 McK inley Righ Sohool. 8. Louis, Mo.. engtneert
= club, 1821971, 111 and IV, 61; mmhunauulelu?
16-1911,111 and 1V N

Maine, teachers’ cerlificates, 8-7877, VII, 61: town-
ship unit, 181971, 1 and 1, 81.
arking, 61911, XI1. 3i.

husetts, teachers’ «nmmm s-mt Vil, 61;
wwmhlpunn 13-1914,1and 11,8
Massachusatts ] nstitute of Mmo . and oollege
entrance . 8-1911 coum in naval
constructiol, 61918, 5(1 ds entrance require-
meants, §-1817, V' i1, 16; mathematical club, 13-
o1z, VU, 15 unmmfunofcunlmlum. o111,

Master's degree, co«mueﬂmtrucﬂon a—m: Xll
Mathematical jourmls list, IS-IDH vm ll-lz.

Mathematics, alvaof instruction 1911, V, 18-16;
and ap u«i mt.,‘s-mn and 1, m
duct 11,1a0d 11, n-ls cormlnc .

dmmm fmes 194911, 1 and 11, 168-100;
ety 13-1911,1'a0d 1. 9497 (Sugtalo), 13-
1911, nmfu 93120, unification (Frengh), 16—
v, lw-n‘lnlmdmt.m n carly
es 18-4911, ¥ uod 11, 17 methodaam

teachitg, 181911, 1 and 1
studles, 131911, 1 and n m—nee pm{ued fsion
o!dlﬂmn brnnches ls-mlhl and {1 pnn
separation -8 :
um" arlthmetic to, 13-1911 lm& e
uired and elective, ts-m: i and

mhm liect of, u-n@,u;, en,n.a.
40811 190

o1 sudy, purpae, U
uic Ja—m: " T
Mt ST'snd 1t

&4 03-
ondary, falluges in technique, IO—IOH lh d 1 :
ary ‘T an

‘L\

30; on two ,
sation and curriculura, 16-/911, 111 and'1V". 36-3y ‘g systems of mathematial thought snd develop- *
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Mechanics, oollems nnd techndogimkschods‘ 15-
um Am. emn. es for men, 7=184(, X, 12;

sm s-1911,1 zrr Onlied Biates Military
o lm 'XI 13-14,

lmtmcuon s-x9n,xu,mz
l(l . State Normal C ege, writhmetic as &

}28 13—19” Tand I, 83-84.

M lgm, Unlversity of, admission of studants on

eeruncams s-mu vii, s3.

MiDs, né);l\lled roblems in mathemat-

im,w—lQ“ Hl Vv, 161-1

Models, use o conegesformon 7-19” X,21; geom-
etry, '16-1811, 11l and IV, 3

quana, teachers' cenlﬂcgus 81911, VII, 62,

Museums, educational, muxmd\eexhiblu 13—191{‘
I-ndli 109; mathematical, 16-1911, il sod IV

l ers, G on experimental work {n the Univer-
th ’mgh Hehoot, Chicago, m i6-1911, TH.and |
? 183-155.
N.

National Society for the Promotlon of Industrial
Edmum,m{olv.ndeschods 18-1011, Land 11,

Nunl Academy. ‘See United Statas Naval Acad-

N ‘canstruction, course at Hus.chusem Insti-
tute of T'echnol !-1911 X1

Naval officers, 1918 }h 20-25.

Neglect of mnthemsua wwh Am, com.,

N schools in the South, 18-1814, m and

1 16, schools and coll 16-1911 111
. ﬁx&w 183-187; e oFocts liat, 13-1911, 1'and

‘60,
Sesalso Racial restrictions.

N?w g: land States townshtp unit, 13-1911,

an

New mmmshl sscondary schools results of
examinatians, lc—wll 1land 1V,

Ney Jerse { teachers’ cortificotes, 8-19“ A1, 62,

New York Central 1.ines, sp teunm schools,
-jnstruction, 11911, 1 snd 11, 173-177,

New Yerk City, pmmrntlon of teachers, 18-1811,
1 snd II, lwr,&:mnotion of teachers, 13-1911,
Tand 11, g4l ublic schools, course.of study
Inmn(hemn!ks,l 1911, T and 11, 147,

Nﬂw];m%l figh Bchool of Commerce, teaching,

New York (éuta) admission to public hih schools,
5—1911 V1, 8; courses of study, [4-1912, Am.

14-15; education deportmon course of
Sdy in sttthmetic, 151611, 1 and 11, 45-65;
examiriations, 8-1011, V1L, m-qr imen exam:

inathon’ questions, 8-1811, VII, £0; teachers’
certificates, 8-1011, V1T 6f. -

New York nlvml Behool of Pedagogy. and
tnalning of teachers l!—lPll v, 6.

New York Unlvmity of the State of, regents’

whool mathe.’

enhmlmtlons 8~mt, VH

matica clu w-:m I!I nnd l\

Nobpublie nﬁoo .m»es. 11011, Imd 11, 13-14.
Ni schools toal and vocationsl courses
tncmnmmhhu u. :m Vl 21-28 rivate,

course of stud 6 191 I md I 148, instrmae
tion, 181911, other schoo)

. 198p11, V, u-\é. suw. eoum ol mxd 1161
1and I, inations, 1 #

instructi u-m:, VL IR, nbm«s u-:m,
v,m}s, ‘methods of {nstruction, n-nm \' 16-18,
m etn‘tudemiulnmalng, a-fo11, V), 19-20,

vﬁoueo, 18-1911, V, 4, supervision, 1S-1912,
101, 307 sommer measiont, 13-1912, VIII, 3042}
uwh n-mt, V, 2:2; tral lnlng,

u:aw&m TR - o

. '0.

Sm 18-1
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Ordnance and guanery. tearhmz. United States
Military Academy, £-191¢, XI,
ool of A llmtlon 8andy 'ﬂpok
N.J., work of. £-1972, X1, 17-1%
Organization of schools, 1$-1911, ‘I and 11, &-31,
75-83; modern ideas conceraing. +-1912, \i 1635

} o
Poger folding, ometrv. 16-/911. 11 and IV. 2%
giriv’ higl ools, 74-1811, il and TV, 4o,

Parochial ools, grades seven and e!gm 18-1911,
land 11, 142-144,

Part-time ‘schools, training, 141917, Iand I3, 1.

Pedagogical museums, 18-/19/1, Tand II, 126,

P , colleges for men, 7-/911, X, 23-24.

P vanig, teachers’ certificaten, 8-1911, V11, G2,

P h-anh, Unlversity of, entrance require-
menu 8-1p11, VIIL, 14-18.

|

~1-Periodical literature, 13-1912, VIII, 11-12.

“ Perry . movemmt o-1911, IX, "20; colicges and
techpologicai schools, 14-1912, Am. com. ., 42-43,
Phlladelphla High 8&chool for Girls, de tal

ment, 16-1971, IITand 1V,

Plerce, mjamln lnﬂumccol 6—!9” XII 21 .Bucs
emupm(mnt 1larvard, 6-1911, X11, 7 ° 0

Polytechinlc ‘Pnpantkzn Schooll hl))rooklyn 1? \"1
course in plane geometry (Smith), 16-1914, 111 an:
IV, 156 & Gt

Preparatory schools, entrance to coliege by certifica
tion, 8-1911, ¥1I, 50.

Princeton U lvenlty. entrance requirements,
6-1911 VI, 14-16; spoclmcn'tnmlnauon papers,
81011,V ll 2-27,

Prlscl high schools, du'.ks, 16-1911, 111 and

" Privat docent” system, 6-1911, XIF, 55,

Private schools, elementary, purpase, i3-1811, Imd
11, 84-85; influenoces, 13-1911, I and 11, 131; sec-
ondar{ instruction, 16-1911, "IT and [V, lls,,

zatlon snd curﬁculum, 16-1911, 111 and IV

109,
thlqn “work, collegea for men. -1911, X, 20.
I‘ml»lems. amznmmt 6-!91/ \l[ 12,31, 50.

ional schooL% gnde, tralning of

teachcers, /2-194 514, E

Prolessdrs. See Teachers,

Programs, yearly variations, 61911, XII, 29,

Promotional examinations, ton, 8-1011, VII, 62.

Promotions, coeducational high schools, Middie -
Weat, 16-1911, 111 and IV, 55; clementary schools,
matbemsticd, &-1811, Vil 10-14; girie high
schools, 16-1911, 111 ‘and IV, 42: hlg%\ schools,
16-1911, 11 and iv,1s; prhmcseoondar) schools,
161911, 11T and TV, 181-132.

Proseminars, 6-1911, X11, 1.

P“ém‘m‘ studies, influence, 13-1911, 1 and lt

Public education, agencles, 13-/911, Tand I1.5-9,
Publ nchooll grades 7 and 8, 13-1217, I and 1L,
127 klnds of industrial work, 13-1911, 1 and,
11, 161 instruction, ts-mt Til and’
iv, l-18:, t)‘pes 1&1911 Imd 11, 9-
P\{bll:?tlom ool‘egel and nnvusltles, 13-1912,
TIT, 111
)ﬁlh transl cocducational high !(‘hools
ddle Shm, 16—1011 Iiland 1V, 52-53
Punim uzgpued mathematics; sepmtlon 6- 1911
I, 27-29, 60-61. =

o L)
.

Q. |

'Qu.dnuel. {vate secondary schools, 18-1911. ITT
md 1v, 1&’-135. sccondary ‘schools, 18-1911, I11

and IV, 1
“Qul: ” metbod, 8-1%11, XII, lz 50. -4
. R .
Iw.-emuleuom girls’ highsohools, 16-1011, mmd

snehl nndctlomi coeduoaWons] high achools,
Middle West, 16-1911, 111 snd 1V; 54, ¢ N
onalizstion

,nothod.lo(, a-{m $and II,.

Bl;h Gchoo mathematics
Rﬂ’f?&nﬂ ' 11 and IV,
Recita
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Renssalaer Pﬁ(tochnlc Instlmw Troy, N. Y.,
civil enginoering, 81911, 1IN,

Rescarch work, 6-1811, X11,

Rural schools, courss of st v. 13-1911 I and IT,
71; influences, 18-1911, T and II, 131: )ﬂcb!g\n.
course of stud{ 18- 1911 1 and il 83; organjza-
tlon, 18-1811, 1 and 1I, :1 status of nrllhmollc,
181911, un& 11, 16, »

32 3641.

o

~

Salariey, teachers, 6-1811, X 11, 56.

Salem (Mass.) State Normal bchool ning courses
for comm mmw;mt V1, 28-29.

fandy Hook . Ordnance School of Applica-
tion, 2-1918, \1 e 18.

8ch , county or township, dutkﬂ 18-191e,
VI, 24.

School certificates. See Certificates, schoal.
ool districts, independent, !&-1913, VI, 24-20.
perd sh-vo:u' elcmentary, arguments for,
13-1.9!! Iand i1, 82-83
8chool year, clor:mutary schools, 18-1911, 1 and 11,
lgzpt vate secondary schools, 16~1911, Niand 1V,

School organitation. See Orgunization, school.
Sclences, applied, and mathemastics, 18-1911, 1 and

" Sclohtife socleties and perlodical  literature, 13-

‘1912, VII1, 10-12.
Soconﬁary achools, benefits derfved from Coliche
Entm(;‘orxtzcd B amntion Easetction, Felore
not su ¥ xation, su on
VIII, organization, 'curricu

struction, [4-1812, Amn. com., rivate, 16-

1811, illan 1v, 1- l% 113—109 pub in, instruc-

tion, f6-1911, I11'and 1-187, organization and
work, :?-mg_ II‘?IIIIM\dIWSH 36; requlreincots fur
gmdusl.on, supervision an -
spection, 18-1912, 'm' 26-2); teaching, {dcal
{nmml n l?~!911 13-14; bechnk‘al $-1918,
/T, 5-35, 1-35; undergra. duntn profos!onal pepo-
ratlon for leachin -12-1911, V', 810,

W Sce airo High sch

Seerley, 110 H., on lmlnlng of teachers for clermen-
tary schools, 18-19/1, L and 11, 152,

Bewnlnars, 8-1941, X11, 51,

Shetfield Scient{fic Schodl, and coliego entranon

u.m and ind

board, 8-1911, V11, 32; enmlmuon papors, 8-
24-25.

hw” Vl hool pomd b lic fund:
coumq. 8c blie funds,

1, 7901917, Tand 1L 150159 v pu ‘
Simrons College for Girls, Dbston, Mass, 4-1912,

, ®.
Siocum, & b lf Rodlrection of oducatinnal atms,
U

Smith, K. R, on the plane geometry courw in th
l'nl\wcbnlo Proparation bchool Brooklyn, N.
Y., 16-1911, 111 and 1V, 156-100

Socloly for the Promotion of i n'\

tion, and sy of mat hematics, IFII 18-18;

re 91811, IX, 0. °

he, conducstional high sohnols, /e-1911,

, 6368,

th Carolins University of, enw ¢xamina-

tion, 8-1011, VI, 15,

Bpringficld (Mass.) Evenir hool fog Trades,
instruction, 16-1811, lllun v 140

Stan dll’dbdm IJ-IOII 3‘3

Biate Board of Bdumtlon, powcfs and funetfyns,
‘1341914, 1 and IT

Biate pormal Schoots, oourd of study, 181911, 1
a0 y

. Btone, d V., and standardising tests, 18911, I

and 1T} 74, 30, -,

Students, uate, at the tday -1911, X11I,
10-12; numbor of graduates, 6-1011, X1I, M; Ff
mﬂoonlemncuwlm,eol for mon, 1-1811

' smdy tlmo, 13-1611, Tand 11, 120,

gﬁh Schbol for Do H('York (‘lt) b
clyb, 162911, 1 land 1 .
A, mathemuml

A smw,dudg.u-tylt SVAT B7n VI, -
R sl iz Buts n—'ﬁc.
Hmry

hooll IHOH. lII Ind

Syllabus, orthodox, secondary achools, 16-19!1,
‘Uland IV, 17-22.

Sylvester. J. J., Influemce of. 6-1911, X11. 21, 30! pro-
;«%xr at Johns Hopkins University, o-1811, ell

System of education, Unitad States, 13-1811, I and
11,7-14; 14-1911, Am. com., 7~14.

T.

‘Teachers, 6-1911, X1I, 15-18; academic and profos-
sional training, zgrlnmmndaryachouls 16-1811,
111 and IVy 127-129; sdequats preparation, 14-
1918, Am.oom., 10-11; cultunl and mechan-
Ieal collegu 8—1911 IX amount of uate

stud mt_x( ulbed, 81811, ku 54-55; appointment,

1 1, 57-60; Appolnunent of gndmm,e-
1911 X11; : assignments F vate dari
schools, 1&-19:1 and 1V, 124-125; boys’ hig
nchoola 16-1911, Il and IV, 37 certificates. . See
(‘onmcatec. mhen classes o! gocicty dnwn
from, 6-1911, XII, 60; colle? 6-1911, XII,
52—60 oollezm for mon, 7-1911 12, 24; co: rxos,
6-1011, X1I, 53-54; degreos held, 7-1811, X, $-9'
elcmenm?y schools, 144918 Am. m 2,
seven and eight, $-1911 and’ II
foie, "o York City, 13—:911 1 end I,
146, 1¢6-150, proparation for grades one to sis,
13-1911 1 an II, 120-1286, fmpmtlon !orgmdea
seven de eight, 13-1911, 44-152, To0e
ommendations ‘8 wm 0OUrso, u—mt.
Tand 11, 4344, trainingand q I.ﬂcntlon 18-1911,

 IandIT, 13—44 evening ux-hn\calachoolg 16-1811
T and IV, 173-174; hizh schools, 16-1811, 11T and
1V, 14-16; indopendent technol ol:fm}ochools [N
1911 1X, 3..43 normal schools, 12-1811, V, 22-23;
numbor ‘and oY, frlmm socondary schools. 16-
1911, 111 and 1V, 123-124; ovnrbmdemng, 6-1911,
XII, 23, 49, 55 6l; pedagogi ){nmtlon, 6-1911,
Yll 53: practice work c-m 11, 82; prepare-
tion, 6-19811, X11I, 42-01, 7-1911, X, 22-33, 8-1911,
IX, i3 qm]mmtions 6-19” Xl] 23,60 salu’lﬂ,
6-1811, X1I1, 58, 16-1911 111 sud IV, 83-83,1 25-120‘
womfnry comsmercia! e Rools, pre rnn
1912, V1, 28-29: socondary mathemat desirable
standards, 16-1911, 111 and IV, 81-82; Buto and
local examinations, §-1911, ViI, PR,
6-1811, XII, s5-60: tochnologk:l sr!mol:, F gl
IX, 23-25; trade industrial ccbooll, ls-l 11
1and IT, 173-181; tmlnlng eougfm
tos, nummersusions, 18-1018, VIII, 42-44, cam.

ndence oo(lms and un(veni
os, 16-1911 dIV 181 182, clementary and
aecondxry nthemntlm u-ml v, 1-239;:0
sional schools of col]eghte grads, 18191 1, V, 514,
normal 8chools, summer sossions, 13-/914, VHI.
4445, publio achools, 16-1811, 111 and IV,
0-& -seooadary schools u,-m: Am. com. 33-89
tochnical secondary schools, 41918, VI, 15-16,

tochnological de ents of coll and uni-

versities, 8191/, 1X, 3040; unh'um U-IDII,

Am.oomu 5)-61 women sc&llem. 7-19i1 l.x{ .
o 1,

rk,
VHI 9.
Teachers’ assocdations, lnnu 16-1911 nr nnd
IV, 86; mathematics, m-m
wln;_u Jpurposes, and nﬁnp ﬁ-ml

Teachers Col Columbia Univensity, N. Y., agd
Tl o m.u-mkv 8 13;;" i, ooures

of
b Jn csg:l‘hmdll lulb)ec

Teachers’ institut 2ation, and wor!
,IS—IM! VUI,

ls—m: VI, 1 bﬂogn
Twhlnx vmoaa u—tm, Atn.omn , €1-51; aims,
1011, X 18;-mountof colleges for men, 71911,
217 arithmi damon -ohoou d-wu f
ndﬂ m- m—n
{ mtl ools, w—mt m
mt. m. m g\ ’.cuiocou.
v '2-74 ' Bouthern Btates, 16
tsu, m\ :

ments oroulhgu aad unlveniu ,16-10] l, id nnd

1V, 18);
&ryyoa (aumlo)wlm:,tmd T ﬁ“ﬁaﬁ‘

l«)—lﬂ di

methods, [$-19/1, xmdn.
m&mﬂﬂ 11, 1 sod 11,

R,

.
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L Vsie choots srud col naubﬂugmes 16-1911,Y1%

~ lX 0-8. Ppresent general conditions, 9-/0/ig IX.

e poruouubcommltuu $-1911, 1X,13-2.

141142, methods employed, 13-1841, 1 and 11, 75- | °
78, 18 ty and aocursoy, 13-191¢, 1 and 11, 140,
m o!lpevhl tlgoﬂsms,)&-lﬂ” 1end u, 111- -113;

. hn{gus arK mathematics,
16-1911 lllmd 99-108; &irh Igh achooly, 16-.
1011, 1¥1 and 1V, 4647 in ne pat, 61611, XI1,

42-“ in dpeudontoe dence schools, 16-
1911, T11 and IV, 179; met] od.s 161911, 11T and
1V, 31-34; modern tendencies, Stats normal
achools, 124911, V. 19-20; bormal schools, 18-1917,
V, 15-18; present preparation and its deficiencies,
6-10” 11, 47-60; private secondary schools,
161911, 111 and 1V, 136-138, 143-145; purpose,
I‘I):_xﬁod Btates lﬁuury cadnmy, P é! X1,

)

, 4-1918,
 27-28; Slate normnl achools, ll-lDll v, 16—1& y
8800! schools, 14-18/2, Am. com., 31-33;
schools, aims and methods, 8-1911,
yashington Barracks, D. C., Hm

Technical school.s, day courses, /3-1911, I and II,
156; evening, 161811, 11T and. IV, 170-177; sup-
ponedhypubllc fun List, 181911, 1 and I, 156;

) §-1918, l 415 alm of lnst.ructkm
0-1012 r»-u oo-eduntkm 4-1012, VI, 16, cur-
rie‘uln mr VI, 8—11 examinations, PRt V1,
I i uucuon\{ iz, V1, 535, methods of
? £1013 11-| ls‘ 17-20 modern ideas
coneemn gan.luuon 4-1912, V’I 16-35, train-
e i ko ofdaey s
ge, fallorys in, teaching o mathe-
mua. xs-wnwmmd 1V, 99-108.
Technological education, bistorical sketch, 8-1911,

l\g_ csl schools, 6-1911, XJI, 10; colle,
1911, 1X, l—« de ments tn oolexes
md unlvenmu. D-IBH 1X, 34-44; entrance re-
ulr\,ments, #1911, 1X, 14-14; examinations, 8-
1X, 93-2¢ 30-3% [ndependent, curriculum.
o—wu 1X, 28-80; orgunisation, 51911, 1X, 2025
psmuon of mehm 01011, 3343‘
aire sent, §-1911, IX, 11-13 review opm

Technologioa ;ecu. conﬂntlun of mnu:emam:
'Iﬁl B—IOll IX, 18-21
ntaryschoola couneolmdy 13-
011, 1 md lI
'n:dboo n-lou V, 910, 13; uﬂy 16-1811, 111

) 1V, 22-%; o emnry 1918,
LAm. Com 15-18 for lndusl.rhl worke mu
Ml and 1

16-1911, m’ i 1795 nde; ndm
dgnoe schools, 16-1971, iikan 179-150; prep
aratlon . nn promotion, ls-mi Vllld g—a:;

schools, 16—1911 T ad n/ 17; ude,
a-mn,? l)(
ma-mu, 11, 12, 51-83; publleation, 40.

ike, E. L. ‘umo umnuryeduoaum 18-

1, 1 and 11, 15.
Tomhlp mhﬂm, nchoola, 18-1911, 1 and I1,

80,
13-1911 I-\ndn 81; Masssohusetts, .
- 18191 hné

“Trade wﬂmwmnm Tace, dist, 131611, 1 and 11,
wo-lm insiruction, 131011, and, J¥, 155-186
II lsbPlgopﬂ pomd ﬁlc funds, st
B
xs.ml Iud'u " ;. teachers, 181011, t.m!

LI 173-
m) VI enmlm&b l—m 511
(‘cn-d mp.ny 1 J
le- 1n il and
N “ prlvl eneondaryac 1611, 11U and

sohools, 16-1911, 111 and

v, 17 31, men_ examinationi
;’ou'vn' ; udsummma&&?{
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v : v.
uale work, colleeesolhbomlarmtnd uni-
ties, 6-1911, .\Jl 14 4 7-1811, X, 1-20
Unilo ly danger of, /4- th. Am. com., 20-21,
Dn".od Butu, 3,«su:m of «tucation, 4-19" Am.
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